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“THE PROOF OF THE PUDDING” 


THE NEW 


G-E ARC WELDER 


Combines and excels all the 
best features of all the good 
welders now on the market... 
plus new features all its own. 
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Stable, flexible are 

Quick recovery (“pep”) 
Self-excitation 

Spark-free commutation 
Simple operation 

Duplex voltage control 
Dead-front control panel 
Large, protected instruments 


Light, compact, 
struction 


strong con- 


Low center of gravity 


A definite purpose for every 
ounce of material 








E ASKED many skilled operators to try the new G-E 
are welder — not only try it, but compare it with five 


other reputable types of arc-welding sets. 


But, in order that trade names, individual preferences, etc., 
might not influence the operator, the six machines were placed 
behind a screen and adjusted for identical welding conditions. 
Unidentified leads were brought out and the operator was given 
the opportunity to weld from each set of leads with no restric- 


tion as to method or time. 


As a result of this test, the new G-E are welder was awarded 
first place by 75 per cent of the operators, and second place by 
the other 25 per cent. 


This was but one of the many long and exacting tests to 
which the new welder was subjected before General Electric 
placed its monogram upon it. This is another reason why we 


say, ““Buy no welder until you have thoroughly investigated 


through your nearest G-E office.”’ 
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Loss 


Piping 
Flexibility 


Moisture 
Content 
Ash 


Disposal 


Metering 
Customers 


Necessity 
of Cooling 


Saving 
Power 


IN THIS ISSUES, 


**To the computed heat loss of the balcony areas, 20 per cent 
was added arbitrarily for diffusion losses to the arena space. 
Subsequent performance has shown this to be more than the 
actual excess requirements.”—Louis L. Narowetz Jr. and 
R. M. Moffitt. 


“*. . . for a working temperature at or near 1000 F, flexibility 
in a bolted joint is essential if long life is to be obtained without 
employing excessively heavy construction. This flexibility may 
be obtained either by modification of the flanges or the intro- 
duction of some form of spring.”’—Arthur McCutchan. 


“The condition which ages books and antiquities unduly and 
which causes cracking and splitting and deterioration is a rapid 
change in the moisture content.’’—Samuel R. Lewis. 


“It is interesting to know that this ash conveyor system is 
operated at will during office hours without the slightest hint 
of such activity being noticeable in even those public and 
working spaces through which the conveyor passes.”’—Henry 


G. Schaefer. 


“The quantity of heat supplied a customer is metered by 
instruments which measure the quantity of water flowing 
through the coils of the heat exchanger, and also the drop in 
temperature; these two quantities are multiplied and inte- 
grated mechanically so that the meter reading is in Btu-hours.”’ 
—Ludwig Wahl, Paul Reschke, and F. E, Giesecke. 


“In the light of the evidence presented here, a campaign 
against seasonal diseases should include, in addition to the 
control of the food supply and general sanitation work, the 
control of the indoor air conditions, particularly in institutions 
for sick infants and children. Protection against excessive 
summer heat is still a rare exception in institutions of this 
kind, but the number of new hospitals providing for artificially 
cooled rooms for infants is gradually increasing.’’— C. P. Yaglou 


“The difference in cost between installing 12-in. and 10-in. 
pipe for these sections (of air piping in a mine), is $5,820. The 
power saving using 12-in. pipe would, therefore, pay for the 
larger pipe in less than 314 years. This is ample justification 
for choosing the larger pipe.’’—A. W. Loomis. 
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THE G-E MOTOR SPECIALIST SAYS: 


“The motor backed by 
the adequate service 
facilities of General 
Electric is always your 
best investment.” 





G-E MOTORS 
for 


UNIT COOLERS 
UNIT HEATERS 


NOME time in the operating life of every motor, 
regardless of size or type, expert advice and service 


FANS may be needed to keep it running at maximum 
BLOWERS efficiency. 
HUMIDIFIERS G-E motors are carefully designed and manufactured 
AIR FILTERS to stay on the job, but if you should need expert 
PUMPS service, you'll always find adequate G-E facilities 
REFRIGERATION almost ‘“‘around the corner.’ That’s one reason why 


AIR-CONDITIONING PLANTS 





G-E totally enclosed, resistance, split-phase, 


fractional-horsepower, a-c. motor 





G-E capacitor-motor connected to capacitor-transformer unit E L E = I R + :. 


a G-E motor is always a sound investment. 


And in the extensive G-E line, you’ll always find a 
motor built to your needs. All are included — frac- 
tional-horsepower, synchronous, single-phase or multi- 
phase, enclosed, semienclosed, dust-proof, fan-cooled, 
low- or high-speed, ball- or sleeve-bearing. Each is the 
product of untiring research and of thoughtful design 
and manufacture. 


Investigate G-E motors and G-E motor service. A call 


to the nearest G-E office will bring the complete story. 
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Skillful Jennings 


a iff o rds greater capacity 
at minimum horsepower 


Jennings Vacuum Heating Pumps are furnished in capacities of 4 to 400 g.p.m. of waiter 
and 3 to 171, cu. ft. per min. of air. For serving up to 300,000 sq. ft. equivalent: direct 
radiation. Write for Bulletin 8s. 
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Design... 


Because it does more work and 
uses less power, the Jennings 
Vacuum Heating Pump can be 
depended on to serve efficiently 
and economically. 

Extra Jennings capacity is 
achieved by means of a unique 
principle of operation. Air and 
water are pumped separately 
so that air capacity is not 
affected by the volume of water 
being pumped. Nor is water 
capacity reduced when air is 
being handled. The combined 
air and water capacity of the 
Jennings Pump is maximum air 
capacity plus maximum water 
capacity. This is true of no 
other heating pump. 


A Jennings Vacuum Heating 
Pump clears the system of air 
and water rapidly so that it 
operates only for short periods 
at a time. It has ample capacity 
to handle peak loads. 


@ 


VACUUM PUMPS AND COMPRESSORS FOR 
AIR AND GAS » »* RETURN LINE AND 
AIR LINE VACUUM STEAM HEATING 
PUMPS +» » CONDENSATION PUMPS 
» » FLAT BOX PUMPS + » CENTRIF- 
UGAL PUMPS »+ »* SUCTION (SELF- 
PRIMING) CENTRIFUGAL PUMPS ~ »* 
SUMP PUMPS +» + SEWAGE PUMPS 
» »* PNEUMATIC SEWAGE EJECTORS 


NASH ENGINEERING COMPANY, 71 WILSON ROAD, SO. NORWALK, CONN. 








Jennings Pumps 
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Piping Analysis Assures Minimum 
Compressed Air Cost 


various workings of a large mine made it neces- 
sary to relocate entirely the air piping and to 
modernize the air compressor system. 

The old pipes were run down slope shafts which fol- 
lowed the angle of the lode. They were in poor condi- 
tion, and, as the ground was very shifty, maintenance 
was expensive and difficult. It was planned to abandon 
these slope shafts as soon as the pillars surrounding them 
had been robbed of their ore. As soon as the work 
of removing the pillars was started, the pipes in these 
shafts would be inaccessible for maintenance. 


(CY vasous workings of a new tunnel connecting the 


Determining Required Air Quantities 


It was necessary, of course, to find first the quan- 
tity of air needed. It was calculated by three separate 
methods: (1) An estimate of the total air ‘consumption 
of drills and other mining equipment which was to be 


*Ingersoll-Rand Company, New York City. 





MINE. 


By A. W. Loomis’ 


This article tells how the air piping system 
for a large mine was relocated and modern- 
ized. By careful study and proper procedure 
in planning air distributing systems, minimum 
power and maintenance costs are assured. 
While there are problems peculiar to mines 
described in this paper, the article may well 
serve as an explanation of how to improve 
air piping in industrial plants of any type. 


Fic. 1—“StopEHAMMER” DRILL IN A STOPE IN A 
Tuis Is ONE oF THE Air-OpeRATED TOOLS 
Wuicnh THE Arr Piprinc System Descripep IN 
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operated; (2) a check on the past operating records of 
the compressors; (3) a check on the past usage per ton 
of ore produced. 

Figures of 10,000, 12,000 and 12,700 cu. ft. of free 
air per min. actual delivery were obtained by these 
methods. It was, therefore, thought that 12,000 c.f.m. 
was a reasonable figure on which to base calculations. 
However, to provide for future growth, emergency use, 
and a reasonable load factor, this was raised to 15,000 
c.f.m. 

These figures were based on a discharge pressure of 
85 lb. per sq. in. at the underground distributing centers. 
Under the old system, this pressure varied from 55 to 
65 lb. per sq. in., depending on the location and the load 
on the air lines. The higher discharge pressure was de- 
cided upon to secure fast and efficient operation of the 
tools. 

It was found by test that about 20 per cent of the 
total required capacity was leakage. It was felt that 
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the new piping system with its greater accessibility and 
ease of maintenance would reduce this figure to 15 per 
cent, which is by no means unusual for a system of this 
extent. 

The factors and data which governed the arrangement 
of the system were as follows: 


Required ultimate capacity, 15,000 c. f. m., to be divided 
equally among three separate distribution points; i. e., 5000 
c. f. m. each. (These points are shown as A, B, and C in 
Fig. 2.) 

Two shafts (No. 1 and No. 2 in Fig. 2) were available 
for pipe lines from the surface of the ground to the lower 
workings of the mine. 

Costs of pipe installed were available from previous work 
done at the mine and were as follows: 











$ ae Law Cost per Foor 
Pire 
Suz, eat Ne caren eae coeaes 
In. | HorizonTAL or . Per Pair 
VERTICAL 
on SLope | or FLANGES 
; | a? ee 
5 $1.50 ; : 
6 1.80 $2.20 $4.00 
& 2.35 2.80 5.00 
10 2.90 3.40 | 6.90 
12 3.50 4.00 9.65 
14 4.000 | 460 | 13.00 
| 


With these facts as a basis, the pipe system was then 
sketched out. 


Sizing the Vertical Piping 


It was decided to put the vertical pipes down both No. 
1 and No. 2 shafts because (1) it was necessary to dis- 
tribute the air to widely separated points, and it was 
considered wiser to distribute as directly as possible and 
thus eliminate large pipes in the working passages; (2) 
two distribution lines, when properly connected by tie- 
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in lines, would always permit operation if anything 
Sect "/- 3500 Fr 
Fic. 2—A Du- pitt. 7500 ch. 
GRAM OF THE AIR 
PipiNnG SYSTEM. 
No Attempt Has 
BEEN MADE IN 
Tuis SKETCH TO x 
DIFFERENTIATE BE- 3 a: 
TWEEN’ VERTICAL, & 1§ x 
TORIZONTAL. AND tlc S 
Suorinc Sactiows > S 4 
oF PIPING 3 N A 
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should happen to one of the lines. ~ Such operation 
would, however, be at the expense of reduced pressure 
due to higher friction losses; (3) space in the shafts 
was limited and the large pipe size necessary to transmit 
the total amount of air would greatly restrict one of the 
shafts. The air quantity for each of the vertical shafts, 
was, therefore, indicated as 7,500 c.f.m. 


Laying Out Underground Piping 


The underground piping to the points of distribution 
(points A, B, and C in Fig. 2) was limited in its place- 
ment by the position of the drifts and stopes. The piping 
was laid out so that the air could reach each distribu- 
tion point from either one of the vertical shafts. This, 
it will be noticed, was accomplished for all three dis- 
tribution points. Insofar as possible, it was also ar- 
ranged so that each distribution point should be located 
on a loop so that air could reach it from two or more 
directions. This was accomplished except for point 4, 
which is located approximately 3,000 ft. from the tie-in 
lines. 

With the piping arrangement completely laid out, it 
was a simple matter to indicate the air quantities which 
should be handled by each section of pipe. In the case 
of points B and C, which were located on a loop, the air 
quantities were so proportioned that about 75 per cent of 
the amount used came through one side of the loop and 
the remaining 25 per cent came through the other side 
of the loop. The division in this manner assured an 
economical installation cost and, at the same time, pro- 
vided tie-in pipes of sufficient size to provide for rea- 
sonable emergency operation. This point will be dis- 
cussed in more detail later. 


Computing the Pipe Sizes 


After the air quantities had been determined, it was 
then necessary to compute the necessary pipe sizes, and 
the cost of installation. To do this, a certain 
size pipe must be assumed and the loss of pres- 
sure through this pipe figured by means of an 
air flow formula or by tables prepared from 
such a formula. Tables are, of course, more 
convenient and are time savers. Such tables ap- 
peared in an article by the author in the March, 
1930, HEATING, PIPING AND AIR CONDITIONING. 

The computations which follow will be based 
on those tables. These tables show only the 
pressure drop for quantities of 5,000 c.f.m. or 
under. In order to simplify our sample com- 
putation, we shall, therefore, use section No. 4 
as an example since the air quantity for this 
section falls within the limits of the tables. The 


Shatt 
No.2 


7500 C.4/n. 
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larger air quantities may be computed from these tables, 
however, if one bears in mind that the friction in a given 
size of pipe will vary directly as the square of the air 
quantity. 
Pressure Drop 

Taking section No. 4 with an air quantity of 5,000 
c.f.m. of free air and a length of 2,250 ft. as an example, 
the tables show pressure drop for 80 lb. discharge pres- 
sure in an 8-in. pipe to be 2.46 lb. per 1,000 ft. of pipe. 
For 2,250 feet of pipe, the pressure drop is: 

2250 





X 2.46 = 5.53 Ib. 


This is based on a pressure of 80 Ib. per sq. in., but 
since the pressure desired at the distribution points is 85 
lb. per sq. in., the figures from the tables should be cor- 
rected for this pressure difference. However, as will 
be shown later, the actual pressure in some of the pipes 
will be less than 85 Ib. per sq. in., so the friction loss 
based on an average 85 lb. is near enough for practical 
calculations. 


Correcting Tables for Other Discharge Pressures 


The method of arriving at the pressure loss for 85 Ib. 
pressure is as follows: 


Fic. 3 — CHAIN 
Curtain UseEp TO 
Stop Preces' oF 
FryinGc Rock 
Wuen BLASTING 
Is IN PRoGRESS. 
AIR AND WATER 
Heapers Can BE 
SEEN AT THE LEFT 
OF THE TUNNEL 


The pressure drop varies inversely as the absolute 
pressures. The atmospheric pressure at this job varies 
from about 14.4 lb. per sq. in. absolute at the surface 
to about 17.7 lb. per sq. in. absolute in the lower work- 
ings. We may, therefore, assume 16 Ib. per sq. in. as a 
fair average pressure. Since absolute pressure is gage 
plus atmospheric pressure, the pressure drop for 85 Ib. 
per sq. in. is as follows: 


(80 + 16) 
53 = 5.3 Ib. 


wn 


/ pressure drop in section No. 4 
(85 + 16) using 8-in. pipe. 

This procedure is followed for each section and the 
results, including the installed cost of the pipe tabulated, 
are shown in Table 1. 

In a few sections pipe from the o!d system was 
already installed and this was used insofar as it was 
possible. 


Choice of Correct Pipe Size an Economic Proposition 


The choice of the correct pipe size is an economic 
proposition. If the larger size pipe is selected, the saving 
in power cost, due to the smaller friction loss, must 
pay for the increased cost of installation. 

After a little experience in figuring economic pipe 
sizes, the choice can usually be made at sight. In this 


case, the larger pipe was chosen for each section and then 






























Fic. 4 (Apove)—AIR AND 

WaTER PipING PASSING 

Over A Fuse STORAGE 
Box 1n A MINE 


checked by figuring the saving for sections No. 2 and 
No. 3. Since these sections showed the least difference 
in pressure drop between the smaller pipe and the larger 
pipe, they automatically act as a check on the choices 
for the other sections. 


Determining Pressure for Compressors 


It was necessary first of all to find the pressure at 
which the compressor would be required to operate. 
Two factors determine this pressure; the pressure 
gain due to depth, and the pressure loss due to friction. 
Distribution points B and C are about 4,900 feet below 
the surface. Assuming that the pressure at the com- 
pressor to be about 80 Ib. per sq. in. and the average air 
temperature in the pipes 150 F, the pressure gain to 
distribution points B and C is 14 lb. This figure is 
arrived at as follows: The weight of a cubic foot of 
air at 80 Ib. pressure and 150 F at the altitude existing 
is about 0.41 lb. The weight of the air column from 
the compressor to the distribution points is therefore : 
0.41 
— X 4900 = 14 Ib. 
144 
Distribution point A is about 3,600 ft. below the sur- 
face, and the pressure gain at this point is 10.3 Ib. 
The pressure loss for each distribution system may be 
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determined by adding the pressure losses in the various 
sections of pipe leading to that point. Since points B 
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and C receive air from two directions, the pressure loss 
in both systems must be determined. 
The losses to the distribution points are shown in 





























Taste 1 Table 2. 

SO ee ae RS ae ‘ OY Sole eae It may be assumed that the average pressure drop for 
Suction Suse Laver Am PRESSURE IneraLiap the two systems serving each distribution point will be 
or Pips i Quantity | Drop mw Ls.| Cost, INcLUDING x . ‘nt s 

Line sh Pr. | CPM. | per So. Iv. | Pure Fianons the actual pressure drop. The air quantities will change 
——S>}|_————— : — — slightly to balance the friction loss, but, as the change 
No, 2 10 4770 7500 7.8 $16,750 is slight and the pressure drop is approximate at the 

9 ” g ° 

is «770 1500 3.2 19,570 best, no allowance need be made for this. 
No. 3 10 4200 7500 6.9 14,780 W e now have hn wea ba the distribution 

12 4200 7500 27 17,480 points, the friction oss and the pressure gain due to 
; s a ea | the weight of air. We may, therefore, find the pressure 
No. 4 8 2250 5000 5.3 5,400 which the air compressors must maintain. This is shown 

10 2250 5000 1.6 6,660 in Table 3. 

orig Veg Cost of Compressed Air 

No. 5 2-6 500 5000 1.3 In , 

i i ns ; The compressors run for sixteen hours a day, 310 

No. 6 6 1300 2500 3.3 _.......... days a year. The total piston displacement at 15,000 

x 1300 2500 0.7 3,120 c.f.m. is, therefore, 4,464,000,000 cu. ft. of air per year. 
Penne sae 25 —_————— Electric current costs 0.6c per kw.-hr. delivered at the 
No. 7 6 600 2500 1.5 1,100 mine. 
. oe eee 0.3 om Computed cost of compressed air is as follows: 
No. 8 6 2000 2500 5.0 3,680 - —_ : —__—— 
8 2000 2500 1.1 4,800 p _ Cost or Power per | Cost or Lasor anp | Torau Cost per 
B: i? = * nentex MILuI0Nn cu. Fr. |Suppires per Mitiion} Mauuion Cv. Fr. 
No. 9 8 1200 | 3750 1.6 In Sot: OR... ce 
’ ' , seep 5° ‘ me 78-lb. | $12.80 $3 .00 $15.80 
8 6000 1250 0.8 14,400 » canes niente peaeneneneneamenell a een 
— as The cost of air when the compressors are operating 
No. 11 6 1200 3750 6.8 In against 82.0-lb. discharge pressure is about $72,300 a 
. _ saad 1.6 anes year. Against 78.3 Ib., the cost is $70,500 a year, or a 
! | : savi 1,800 a year. The diff ei y 
No. 12 8 | 4500 3750 5.9 10,830 reg aby 10-1 had a - : rege he 
10 | 4500 3750 18 13,360 -In. and “In. on sections é and 3 1S od, ; 1€ 
: : Gecabices power saving in using 12-in. pipe would, therefore, pay 
No. 13 10 1500 3750 0.6 In for the larger pipe in less than 3% years. This is 
ample justification for choosing the larger pipe. 
No. 14 6 | 1000 2500 2.5 — a 
8s | 1000 2500 0.6 2,400 a 
| = Up until the present time section No. 1 of the piping 
No15 | 26 | 100 | ? | In system has not been considered. The pipe size in this 
TABLE 2—Friction Loss to DistrisuTION PoINntTs 
—————_—_,— scieiahateaginaedbiltisdarkadihdes sai i 
POINT B oF i 860, a POINT A 
orn : 
| Fric. Fric. | | Fric. | Fric. Fric. 
No. oF Sisg Loss No. oF Sie Loss | No. or Sur | Loss No. oF Sue Loss | No. oF Su Loss 
Sect. In. La. Sect. In. La. | Sxcr | In. Ls. Sect. In. Ls. | Sect. In Ls. 
| | | | | | | | 

2 | 0 | 7.8 a. 8 SS ae A ee | . oe oe | 10 6.9 | 3 10 | 6.9 

2 | 10 | 1.8 14 | 8 0.6 |) 13 | 10 | 0.6 | 14 | 8 06 || 4 10 1.6 
1] | Burs 1.6 . 4 8 0.7 | i) 8 1.6 6 8 0.7 | 5 2-6 | 1.3 

| | 7 8 03 || 7 8 0.3 || 
8 8 1.1 8 | 8 | 1.1 ! | 
10 8s | 08 | 

Total with 10-in. pipe at | Total with 10-in. pipe at Total with 10-in. pipe at | Total with 10-in. pipe at Total with 10-in. pipe at 
Section 2—11.2 Ib. Section 3—10.4 Ib. Section 2—10.0 lb. Section 3—9.6 Ib. Section 3—8.8 lb. 

Total with 12-in. pipe at Total with 12-in. pipe at Total with 12-in. pipe at Total with 12-in. pipe at Total with 12-in. pipe at 
Section 3—6.6 lb. Section 3—6.2 Ib. Section 2—5.4 lb. Section 3—5.4 lb. Section 3—6.4 Ib. 














Aver. using 10-in. pipe in Sections 2 and 3 = 10.8 lb. 
Aver. using 12-in. pipe in Sections 2 and 3 = 6.4 lb. 








Aver. using 10-in. pipe in Sections 2 and 3 
Aver. using 12-in. pipe in Sections 2 and 3 


9.8 Ib. 
5.4 lb. 


i 








Average as above. 




















November, 1931 


Heating -Piping 


903 


and Air Conditioning 

















TABLE 3—PressurE Arr Compressors Must MAINTAIN 
POINT A POINT B POINT C 
Ustne | Ustna | Usine | Usine | Usine | Usine 
10-1N. 12-1N. 10-1N. 12-1n. 10-1N. 12-1N. 
Pipe- Prez- | Pire- Pirz- | Pire- Pire- 
Sec.3 | Sec.3 |Sec.2&3/Sec.2&3)/Sec.2&3/Sec.2&3 
Ls. Ls. Ls. Ls. Ls. Ls. 
Distribution point press. 85 85 85 85 85 85 
Friction Loss..............] +8.8 | +6.4 | +10.8) +6.4 | +9.8 | +5.4 
Pressure Gain...... —10.3} —10.3} -—14 | -—14 | —14 -14 
Pressure at compressor 83.5 | 81.1] 81.8| 77.4| 80.8| 76.4 























Average pressure at compressor using 10-in. pipe at sections 2 & 3 = 82.0 lb. 
Average pressure at compressor using 12-in. pipe at sections 2 & 3 = 78.3 lb. 
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section will depend upon the location of the compres- 
sors; i.e., whether all the compressors are located at one 
shaft or whether the installation is split between the two 
shafts. If the entire compressor installation is in- 
stalled at one of the shafts, then section No. 1 will have 
to carry 7,500 c.f.m. of free air and should be 12 in. in 
diameter. If the installation is split and a portion of 
the capacity placed on the other shaft, the line may be 
made smaller. However, since it must be large enough 


to carry more than a normal amount of air in case one 
of the units is shut down, it should not be smaller than 
8 in. in diameter. 

After the compressors had been chosen, it was de- 
cided to install them all at No. 2 shaft and a 12-in. pipe 
was therefore needed in section No. 1. 








Comfort Zone in the 
Southwest 


By a Reader in Texas 


Air conditioning in the Southwest as in the North, 
East and other parts of the country is as yet a new 
science ; and many of us are “practicing” as our brother 
scientists, the doctors, put it. We, in the Southwest, 
are dependent to a great extent on the North and East 
for our new ideas and thoughts due to the fact that the 
centers of research and manufacturing are there. 

In air conditioning work for summer conditions, we 
are called on to figure systems that will maintain con- 
ditions within the comfort zone as specified by the Amer- 
ican Society of Heating and Ventilating Engineers. It 
has been found that the comfort zone in this territory 
is slightly different from that in the East. 

The lower limit has not been checked, but the upper 
limit has and the results, though quite variable, show that 
the line defining the upper limit should be a curve be- 
ginning at 69 degrees saturation and passing through 
75 deg. dry bulb and 60 per cent relative humidity ; 
80 deg.—40 per cent; 85 deg. dry bulb—30 per cent. 





Why these conditions are comfortable is best explained 
by calling to the reader’s attention the climatic condi- 
tions to which the Southwest is subjected. Our hot 
weather extends over a period of seven months, the 
balance of the year is cool, but never as cold as the 
North and East. Even in our winter, we frequently 
have days during which the temperature rises to 85 deg. 
dry bulb. Naturally this preponderance of warm weather 
has a great influence on the thickness of blood and the 
sensitiveness of the skin. 

On an average day in the summer with a dry bulb 
temperature of 95 deg. and 40 per cent relative humidity, 
if a person enters a room in which the dry bulb is 
80 deg. and the humidity is 25 per cent, a distinct chilli- 
On leaving after an hour or so, the change 
Women have 


ness is felt. 
to the outside conditions is depressing. 
been known to faint and in most cases the effect on 
everyone is uncomfortable. During these hot months 
conditioned air with a 10 to 15-degree drop in dry bulb 
temperature and a slightly higher percentage oi humidity 
is much more comfortable in this territory. 


Editorial Note: Comment on the above communication 
from a Texas reader is solicited. 





By 
Ludwig Wahl, 
Paul Reschke,: 
and F, E. Giesecke: 
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District Heating System Supplements 


Municipal Power Plant 
S Improves Over-all Efficiency 


HE FIRST European 
district heating and light- 
ing system of consider- 
able magnitude was installed 
in the City of Dresden in 1900- 
1902 by the State of Saxony ac- 
cording to plans prepared by 
Professor Pfutzner. This sys- 


tem is shown in the upper portion of Fig. 1 and is 
inclosed by a dashed and dotted 








In this hot water district heating sys- 
tem, the water is circulated at so high 
a temperature that those buildings 
which require steam for heating, cook- 
ing, sterilization, etc., can be supplied 
with steam from heat exchangers 
arranged so that the hot water circu- 
lates through the coils and steam is 
generated in the space surrounding 
the coils. The system has several other 


outstanding features. WwW 








line. Its power 


with light and heat; later, the 
service was extended to include 
a number of private buildings. 

During the early period of 
the operation of this system, 
steam was generated at a pres- 
sure of about 118 Ib. and used 
in part to operate steam en- 


gines driving electric generators and in part to heat 
buildings by means of a central system in which the 


steam was distributed by mains having a maximum 
length of 4,000 ft. 

In 1911 the district steam heating system was sup- 
plemented by a district hot water heating system, in 


house is shown as No. 1. The original purpose of 
this plant was to provide several state buildings 


’ Dr. Ing., Stadtbaurat, Dresden. 
2 Dr. Ing., Engineer, Dresden. 


* Direc Texas Enginee -xperime Statio d & M. Ce . a. c 
irector, Texa Engineering Experiment tation, A. & M. College order to increase the thermal efficiency of the power 
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plant. The water was circulated by centrifugal pumps. 
It was passed through the condensers in the power house 
where it served as cooling water and where its tempera- 
ture was brought to about 158 F. From the condensers 
the water passed through heat exchangers in which the 
temperature was raised to about 200 F. 

In addition to the state power plant, Dresden had a 
municipal plant which was built about 1900 and which 
supplied electric current for the street railway system, 
for the illumination of the streets, and for other uses. 
The equipment of this plant included seventeen boilers 
with a combined heating surface of 24,250 sq. ft. and 
two turbo-generators with a combined capacity of 16,250 
kva. at 2,000 volts. 


Demand for Current Increases 


During recent years the demand for current in 
Dresden has increased rapidly. In 1914 it was 40,400,- 
000 kw-hr.; in 1924, it had grown to 69,700,000, and 
in 1925 to 98,200,000. A considerable portion of the 
current was being supplied by other than the municipal 
plant; this arrangement was not satisfactory and so, in 
1925, preliminary steps were taken looking to the en- 
largement of the municipal plant. 


Heating System Improves Over-all Efficiency 


At the suggestion of one of the authors,’ it was de- 
cided to supplement the new power plant by the addition 
of an extensive district heating system so as to secure a 
greater over-all efficiency of the installation. Satisfac- 
tory experience with such a combination had already been 
gained in the heating of the municipal hospital, shown 
in Fig. 1 as No. 2. This institution had a heat demand 
of 12,735,000 Btu per hr., which was supplied from the 
municipal power house, shown in Fig. 1 as No. 3, with 
steam at 44 Ib. 

The construction of the new boiler house was begun 
in June, 1927. Five new boilers were installed, each 
having a heating 
surface of 3280 sq. 
ft., and designed 
to supply steam at 
544 Ib. super- 
heated to 770 F. 


Hot Water Sys- 
tem Selected 








In connection 
with the selection 
of the most suit- 














‘ Dr. Ing. Wahl. 








































able steam pressure stages for the power plant, 
a thorough study was made of the relative advan- 
tages of steam and water as heat conveyors for the 
proposed district heating system. 

A hot water system was selected and its construction 
was begun soon after that of the new power house. 
The full lines in Fig. 1 show the mains. The dotted 
lines represent steam mains. One extends from the new 
power house (No. 3) to the hospital group (No. 2) 
and the other to the former state power house (No. 1) 
from where the heat is distributed partly by steam mains 
and partly by water mains as shown in Fig. 1. 

The total length of the water mains leading out of the 
new power house is about 16,000 ft.; the most remote 
building served is the German hygiene museum (No. 4). 

The figures along the mains show the sizes and the 
lengths of the respective sections. For example, 1 & 13.8, 
2 X 9.8 and 1,490 means that this particular section of 
the main consists of one 13.8-in. and two 9.8-in. pipes 
and that each pipe has a length of 1,490 ft. 


Features of the System 


Among the outstanding features of this hot water 
district heating system are: 

The distributing mains are composed of three pipes valved so 
that any two may serve as flow and return mains in such a 
manner that repairs or additions may be made at any time without 
interrupting the regular service. 

The water is circulated at so high a temperature that those 
buildings which need steam for heating, or cooking, or steriliza- 
tion, etc., can be supplied with steam from heat exchangers ar- 
ranged so that the hot water circulates through the coils and the 
steam is generated in the space surrounding the coils. 

The quantity of heat supplied a customer is metered by 
instruments which measure the quantity of water flowing 
through the coils of the heat exchanger and also the drop in 
temperature of the water as it flows through the heat ex- 


multiplied and integrated 
mechanically so that 


the meter reading is 
in Btu-hours. 


these two quantities are 


changer ; 


& 







Two Flow Lines; 
One Return Line 

Fig. 2 
four principal 
types of concrete 
conduits for the 
three pipe lines 
composing the dis- 
tributing mains. 
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As ordinarily operated, the large pipe is the return 
line and the two smaller are the flow lines. The 
cross-sectional area of the large pipe is practically 
equal to the cross-sectional areas of the two smaller 
pipes. 

One of the flow lines is intended to convey heat to 
those buildings which are equipped with hot water heat- 
ing systems. This line will convey 257-F water except 
in extremely cold weather when the temperature of 
the water will be higher. The other flow line is intended 
to convey heat to those buildings which are equipped 
with low pressure steam heating systems; this line will 
always convey water having a temperature higher than 
257 F. 

At the present time, the heating system is being 
operated at a fractional part of its capacity and in order 
to reduce its heat losses as much as possible, only one 
of the two flow lines is being used. It conveys water 
having a temperature of about 284 F. 

In the return line the water has a temperature of 
about 167 F. The temperature drop through the sys- 
tem is about 117 F and one cubic foot of water con- 
veys about 7,000 Btu. 


80-Lb. Static Head 


The hot water is circulated under a static head of 
about 80 Ib. per sq. in. This pressure is maintained 
either by open expansion tanks located in the tower of 
the city hall at an elevation of about 200 ft., or by a 
closed expansion tank located in the power house, in 
which an air pressure of approximately 75 Ib. per sq. 
in. is maintained. The open expansion tanks have a com- 
bined capacity of 21,000 gallons; they are connected to 
the return main about 8,000 ft. from the power house 
but the pressure is so great that the circulating pumps 
function properly. 

The water is circulated by four centrifugal pumps 
with a combined capacity of about 3,000 g.p.m. When 
the system is being operated at its proposed maximum 
capacity the velocity of the water in the mains will be 
9.84 ft. per sec. 

The friction head in the system is approximately 37 
lb. per sq. in.; with future additions to the system, this 
will probably be increased to 80 Ib. per sq. in. 


Heating the Water 


The water is preheated by four heat exchangers hav- 
ing a combined capacity of 90,000,000 Btu per hr. and 
superheated by two heat exchangers having a combined 
capacity of 20,000,000 Btu per hr. About 85 per cent 
of the steam used for heating the water is at a pres- 
sure of 26 lb. and the balance is at a pressure of 220 
Ib. 

The Underground Piping 


While most pipes are placed in concrete ducts as 
shown in Fig. 2, some of which are large enough so that 
a person can crawl through them, recent installations 
have been made without ducts, the pipes being placed 
directly into the ground. In these cases, the pipes ex- 


pand in an axial direction within the insulation which is 
protected against the earth either by lead-coated sheet 
metal thoroughly asphalted inside and outside and in a 
jute casing, or by a reinforced concrete casing. 
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Where concrete ducts are used they are sloped in the 
same manner as the pipe lines. At the low points of 
the ducts provision is made for the removal of water 
either by direct connection to sewer or by means of 
sumps provided with automatic pumps. At the low 
points of the pipe lines valves are placed so that the 
pipes can be drained. At the high points of the pipe 
lines air chambers of ample size are provided and con- 
nected to vent lines. Manholes are placed at all points 
where the direction of the mains changes and provisions 
are made so that the sections between manholes can be 
illuminated by means of electric lights. 

Pipe lines placed directly in the ground are provided 
with expansion loops and with observation manholes at 
all points where the direction changes. 

Expansion of the lines is taken care of, so far as pos- 
sible, by proper changes in direction. Where this is 
not possible, expansion loops are used, built either of 
plain or corrugated pipe bends, or metal hose com- 
pensators are inserted. By these means expansions as 
large as 18 inches are provided for. 

The material selected for pipe insulation is spun glass 
or spun slag. It was applied to the pipes and then 
covered with sheet metal, cement, or a special prepara- 
tion coated with bitumen. 


Connections to Building with a Hot Water System 


Throughout the entire system, the mains consist of 
two flow lines and one return line, all three lines ex- 
tending to the distribution panels in the buildings to be 
heated. At these distribution panels a group of five 
valves is provided as shown in Figs. 3 and 4, arranged so 
that, at any time, any two of the three mains may be 
used to circulate hot water through the heat exchangers 
of the building. 

Fig. 3 shows the connection of the mains to a building 
provided with a hot water heating system. The five 
valves are set so that the heat exchanger receives its 
water from flow line II, conveying water at a tem- 
perature of 257 F, or more, and returns it through the 
return line. 

The hot water from the power plant does not circulate 
through the heating system of any building. It is used 
only to convey heat from the power house to the sev- 
eral buildings. 

This induced transfer of heat is necessary because 
the private heating system may not be of sufficient 
strength to safely withstand the high pressure main- 
tained in the district heating system, and it is of great 
advantage because leaks in the private heating system 
cannot drain water from the district heating system. 


Connections to Building with a Steam System 


Fig. 4 shows the connection of the mains to a build- 
ing provided with a steam heating system. In this case 
the five valves are set so that the heat exchanger re- 
ceives its water from flow line I, conveying water at a 
temperature of 284 F, or more, and returns it through 
the return line. Fig. 4 also shows the auxiliary ap- 
paratus as does Fig. 3. 

The heat exchanger, in this case, has the hot water 
from the district mains flowing through its coils; the 
space around the coils is only partly filled with water, 
so as to leave ari exposed water surface from which the 
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PARATUS IN DISTRIBUTION CHAMBER OF PowEeR House 








steam for the heating system is liberated; the heat 
exchanger is the steam boiler for the building heating 
system, 

The pressure of the steam in the private steam heat- 
ing system, as well as the temperature of the water in 
the private water heating system, are regulated by hand- 
operated valves or by thermostats. 

The water which returns from the heating system to 
the power house is forced by steam-driven centrifugal 
pumps through heat exchangers in which the water is 
preheated to a temperature of about 257 F by 26-lb. 
bleeder steam from the steam turbines of the generating 
sets. The 257-F water can be delivered directly into the 
flow mains of the heating system, or it can be passed 
through superheaters, in which the temperature is raised 
by 220-Ib. steam and delivered from there into the flow 
mains. 


Connecting New Customers 

Sets of valves like those shown in Figs. 3 and 4 are 
placed in every building served by the district system 
and also at other important points. By means of these 
valves, it is possible to discontinue the use of any por- 
tion of any one of the three mains at any time in order 
to make repairs or in order to connect new customers 
without interfering with the service of any portion of 
the system. This arrangement has been found very 
satisfactory as new customers are being added con 
tinually. 


Arrangement of Piping in Distribution Chamber 


The arrangement of the piping, valves, and distributors 
in the distribution chamber of power house No. 2 and 
the connections of the station to the three district heat- 
ing systems shown in Fig. 1 are illustrated in Fig. 5, and 
described briefly as follows: 

Six lines enter the distribution chamber, coming either 
from the boiler house or from the engine room; two of 
the lines are 3.94 in. and convey 515-lb. steam, two are 
11.81 in. and convey 220-lb. steam, and two are 23.62 
in. and convey 22-lb. steam. The corresponding lines 
are united in double distributors constructed so that the 
two halves of each distributor are connected by gate 
valves. The 515-lb. steam is used only in the turbines 
of the circulating pumps of the hot water heating system. 
It is extracted from these turbines at a pressure of 22- 
lb. and passed into the distributors. The steam is trans- 
mitted from the distributors to the several stations where 
it is to be used. 

All important valves, machines, meters, and control 
apparatus are located on one floor so that they can be 
conveniently attended by one operator. 


Condensate 

Condensate from the entire system is collected and re- 
turned to the boilers; a small portion is used in steam 
coolers which are built into the 220-Ib. steam distributors 
and in which the steam—which has been superheated to 
about 335 F—is cooled to about 250 F. 

The larger part of the condensate of the 220-lb. steam 
heating system from power house No. | is still degasified. 
The condensate from the heaters for the hot water heat- 
ing system is not degasified, as it has no opportunity to 
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absorb air. The condensate tanks are covered with a 
blanket of steam to prevent absorption of air; a possible 
small air content is removed in the preheating of the feed 
water. 


Heat Demand Increases Rapidly 


The heat demand of the hot water heating system was 
10,000,000 Btu per hr. at the beginning of the heating 
season of 1928; it grew to 27,500,000 during the season 
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and Air Conditioning 





November, 1931 


The total heat demand of power house No. 1 is 114,- 
000,000 Btu per hr. Since the hot water lines from 
power house No. 1 were originally installed to increase 
the thermal efficiency of that power plant, and since the 
operation of that power plant has been discontinued, all 
new installation will be for steam and eventually only 
steam heating lines will radiate from power house No. 1. 


Total Heat Delivered 
































1928-29, and to 67,200,000 by February, 1930. Of this Figs. 6 and 7 show the total heat delivered during the 
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quantity, 23,200,000 were for buildings equipped with 
steam heating systems and 44,000,000 for buildings 
equipped with hot water heating systems, or for domestic 
hot water heating. The principal buildings supplied 
with heat are the city hall, schools, post offices, German 
hygiene museum, stores, banks, industrial buildings, and 
places for amusement. 


State Power Plant Abandoned 


After the completion of the new power plant the 
city of Dresden acquired the state power plant and dis- 
continued its operation since it was no longer able to 
meet the demands upon it. To provide heat for the dis- 
tricts formerly served by it, pipe mains were laid from 
the new power house to the old—a distance of about 3,500 
ft—and supplied with steam from the 220-lb. distrib- 
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utors. They consist of one 9.8-in, flow line, one 6.9-in. 
flow line, and one 6.9-in. return line. In case of neces- 
sity, the return line can be used as a flow line. These 
pipe sizes were determined so that 60 tons per hour of 
steam can be conveyed when the available drop in pres- 
sure (from 220 to 118 Ib.) is completely absorbed. 
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several months of the cold winter of 1928-29 and also 
during that of the moderate winter of 1929-30; these 
diagrams show that the heat delivered during February, 
1929 was about 36,000,000,000 Btu and during Feb- 
ruary, 1930, about 32,000,000,000 Btu. 

The diagrams show also how the total heat delivered 
was distributed by the three main subdivisions of the 
heating system. 


Variation in Production of Steam and 
Electricity 


Figs. 8 and 9 show the variation in the production of 
steam and of electric current during two typical days, 
one a summer day when the demand for heat was 
small, and the other a moderate winter day. 

In the summer the heating system is used only in hos- 
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pitals, hotels, theaters, and similar buildings where hot 
water is needed for domestic or industrial purposes. 
During winter days, the peak demand is at about 8 p. m., 
and is produced practically in equal parts. by the high 
pressure steam lines and by the hot water lines. The 
total heat delivered during the summer days is also 
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practically equal for the two systems, although the max- 
imum demand of the high pressure steam lines is almost 
twice as great as that of the hot water lines. This 
shows that the factor of use of the high pressure steam 
lines is much lower than that of the hot water lines; 
this is brought about by the difference in the users of 
the two types of heating. In the first case they are 
museums, theaters, and churches, and, in the second 
case they are primarily business, industrial, and admin- 
istration buildings. 


Hospitals Good Customers 


A very satisfactory customer, from an economic point 
of view, is the hospital group; it begins taking heat at 
4:30 a. m. and uses it at a practically constant rate from 
6a.m.to6p.m. The unusual economic quality of cus- 
tomers who use considerable quantities of heat during 
the summer is shown by the fact that the hospital group 
used 17,650 tons of steam during the year 1928-29, 
whereas the entire high pressure steam system, which 


4/4 48 22 24 
had a demand six times as large, used only 38,000 tons, 
or only about twice as much. 

If the energy supplied by the heating systems is ex- 
pressed in terms of hours of demand, there are, for the 
hospital, 2100 hours, and for the high pressure steam 
lines, only 760 hours per year. In the case of the hot 
water heating system, the average number of demand 
hours supplied is about 1100 per year. In considering 
these figures it is necessary to bear in mind that the 
winter of 1928-29 was the coldest in about 100 years. 
During normal winters the number of hours supplied 
will be reduced at least ten per cent for those customers 
who use the heat only for heating buildings. 

Editor’s Note: In the design and execution of the 
plans for the district plant Dr. Wahl had the able as- 
sistance of Dr. Ing. Paul Reschke, as well as that of the 
engineering staff of the municipal power plant. The 
installations were made by Dresden firms, principally 
Wilh. Vocke, Rietschel & Henneberg, and Jeglinsky and 
Tichelmann. 
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Heating and Humidifying 
Art Museums 


“a Description of the Features of the Toledo 
Museum of Art 


RT MUSEUMS are notorious for the difficulties 
encountered when it comes to serving their gal- 
leries with heat. The ceilings usually are of glass 

to admit sunlight, or to permit artificial lighting by 
reflectors placed above them. 

These arrangements militate strongly against the run- 
ning of any ducts through the attic spaces above, the 
gallery ceilings and below the skylights. The attics, in 
any event, usually must be kept clear of ducts so as to 
permit walkways and passages in order that the lamps 
may be serviced and the glass ceilings cleaned. All 
side walls in the galleries above a line about 30 in. above 
the floor must be reserved for exhibits. 

The floors usually are of expensive and beautiful 
material and floor registers are undesirable. Thus, very 
few areas suitable for radiators or registers are left. 

In some galleries there are center seats, and it is 
possible to use the spaces under these—and behind their 
backs—for radiators and for air supply and exhaust 
grilles. However, if the room under the gallery is of 
value, and usually it is, the pipes and ducts there, neces- 
sary to serve a gallery equipped with center radiators 
and grilles, are exceedingly obnoxious. 





*Consulting engineer, Chicago, III. 


Also, while center seats may do very well for a pic- 
ture gallery, they are usually n-+ -uitable if the gallery 
is used for exhibits of ceramics, jewels, etc., which are 
placed in cases. In any gallery it is usually desirable— 
sooner or later—to change the nature of the occupancy. 
If it is desired to install or to remove the center seats, 
this should be possible without any complications arising 
due to the general service pipes and ducts of the building. 


Pre-warmed Air Introduced at Doors 


A solution well worked out in one large museum of 
art is to introduce pre-warmed air at low velocity into 
each gallery through the soffits of the door openings, 
venting the air out.at the side walls under the lower 
limit of the hanging line mentioned above, about 30 in. 
from the floor. (Since this line must be mentioned 
often, it is going to be called the chair-rail for con- 
venience, hereinafter, because it is more nearly like a 
chair-rail than anything else.) 

This location of air supply inlets at the doorways 
is fairly satisfactory, but the air distribution within the 
gallery when it is employed is not usually perfect or 
symmetrical, and the air can be felt coming as one passes 
through the doorway. 

Temperature control with this scheme is rather diffi- 
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VerTICAL SecTION THROUGH AIR INTAKE SHAFT AND AIR-PREPARING EQUIPMENT 


Cold air from outside or return air from the attic passes down the shaft and encounters the automatic oil-immersed dust filters, 


the tempering heaters, the air washer, the retempering heaters and the supply fan. 


The supply fan delivers the air out to the 


reheaters for the individual rooms which are always under, or in, the rooms. 


cult if two adjacent galleries happen to have different 
rates of heat loss, especially if the door between them 
is open. 
Inlets on Walls 

In some galleries appearances are disregarded to some 
extent and the inlet openings are placed in the con- 
ventional location, on the inside walls opposite the win- 
dows or coolest walls, and about eight feet above the 
floor. When this is done there can be no pictures in 
that location and the velour with which the walls usually 
are hung quickly becomes dusty. 


Long Radiators in Recesses 


The original Toledo Museum of Art, which embraced 
about one-half of the center building of the 1931 project, 
or very roughly, one-sixth of the total building, had the 
center seat arrangement in its galleries. There was no 
ventilation provided for the galleries, although they had 
no windows. The hemicycle, or auditorium, was equipped 
with a mechanical vetiucting system. 

In constructing the 1923 portion, the first addition to 
the original building, a basic requirement by the owner 
was that all of the galleries be ventilated mechanically 
and the radiators and center seats be removed from 
many of the galleries. 

The solution developed in 1923 was to install a very 
low, thin and lengthy radiator in a recess almost as long 
as the width of the room at the coldest end of each 
gallery, behind a grille and below the chair-rail. The 
air supply to the gallery from the fan system was de- 
livered around the radiator and through this grille. At 
the opposite end of the room the outlet grille, similarly 
located and looking just like the inlet grille, was installed. 
There were a number of objections to this scheme which 
developed as experience was gained in operation, mainly 
overheating of the wall and consequent damage to ex- 
hibits. 

A blast of warm air, not very hot, it is true, but very 
potent in ability to absorb moisture from the exhibits 
within its range, came through the grille. The wall 


above the radiator and the entire neighborhood were ob- 
jectionably warm. 
Experience with the 1923 galleries where the warm air 





entered at one end near the floor and escaped at the 
other end near the floor was satisfactory during the win- 
ter, but was unsatisfactory during hot weather. When 
the entering air was cooler than the air in the room it 
passed from inlet to outlet, cooling the knees of the 
visitors and not disturbing the hot moist air, which, 
(being lighter than the cool air) remained above the 
chair-rail zone and became more and more torrid as the 
sun developed its effect on the glass skylights and ceil- 
ings. It was proved by experiment that low-down 
inlets were unobjectionable in hot weather, but that low- 
down outlets in connection with low-down inlets were in- 
effective in hot weather. 

When the low-down outlets were closed and a sheet of 
ceiling glass was removed in hot weather however, the 
cool, relatively heavy air filled the lower part of the 
gallery and forced the hot air upward above it until the 
hot air could escape through the skylight into the attic. 


Extensive Studies Made with Models 


Following this experience, when the 1931 additions 
were planned, considerable experimenting and research 
was done, and many life-size working models were made 
in an endeavor to improve the methods of air introduc- 
tion and removal and to develop a better way to heat 
and to ventilate the museum. 


Change in Humidity Deteriorates Exhibits 


From all that could be learned, based on our own ex- 
perience and that of the Bureau of Standards, the exact 
moisture content and the exact temperature within rea- 
sonable limits, are of no particular importance so far as 
the preservation of the books and antiquities are con- 
cerned. The condition which ages them unduly and 
which causes cracking and splitting and deterioration is 
a rapid change in the moisture content. They suffer far 
more each spring and each fall when artificial heating 
stops and when it begins than they do during the time 
after the heated condition or the unheated condition has 
become established. 


Air Is Now Humidified 


It was decided, therefore, to install means of intro- 
ducing artificial moisture during these critical periods so 
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Sections THROUGH A GALLERY 


VERTICAL 
The circulation of air was satisfactory in winter but in summer the incoming cool air would short-circuit. 


as at least to lengthen the time of transition, and so as 
to provide year-round artificial moisture if desired, to 
simulate the higher summer relative humidity. Pro- 
visions were made to facilitate the future installation of 
dehumidification apparatus. 

It was decided that there should be no radiators nor 
any piping carrying water or steam inside any gallery, 
in order to run no chance of destroying priceless exhibits 
by an accidental leak. 


Warm Air Delivered Close to Floor 


It was found by experiment with the working models 
that a rather high velocity jet of warm air could be de- 
livered close to the floor in a horizontal direction through 
the baseboard without prejudice to the visitors and with 
the least prejudice to the exhibits. A 300-f.p.m. jet of 
warm air would clear all pictures hanging on the wall 
above it, yet would not be objectionably hot for show 
cases placed four or five feet from the jet and above its 
direct influence. 
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The original building includes approximately half the front of the center building. 
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SHOWING ABANDONED 1923 HEATING AND VENTILATING ARRANGEMENTS 


Pressed Steel Wainscot Developed 


A standard pressed steel wainscot was developed, em- 
bracing in itself the chair-rail and the baseboard and 
the inlet grille; this steel base is used throughout all gal- 
leries, whether or not in any given gallery all of the 
wainscot length is used for the air inlet. Usually suffi- 
cient grille area is obtainable by using the wainscot on 
two sides of each gallery. 


Arrangement of the New System 


Art museums usually have furred-out wooden walls 
under the cloth surfaces, to facilitate hanging pictures 
of various sizes safely. These furred-out spaces in the 
Toledo museum are used to run horizontal distributing 
ducts of metal under them to supply the wainscot slot- 
inlets. In general, each 16-ft. bay of the building 
throughout the gallery story has a separate supply duct 
and is capable of receiving air at a different tempera- 
ture from that delivered to adjacent bays. 

The warmed and conditioned air, after being delivered 
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PLAN 
The 1923 addition includes the back part 


of the center building. The 1931 additions include the west wing, to the right, the east connecting building and the music hall to 
the left. The basement in general is used for storage and for pipes and ducts. It is entirely below ground level. 
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into the gallery at the floor—in most cases, throughout 
the length of the rooms on both sides—rises and escapes 
through the ceiling to the attic. 

There are no visible vent grilles in the glass ceiling, 
but air passage is arranged by raising the glass-holding 
sash slightly, so as to permit a narrow invisible crack. 

The 1931 west wing has many of its galleries un- 
finished, without any ceilings at present. If unfinished 
areas were left unheated, the rooms under them and 
alongside of them would require extra heating surface 
and there would be danger of condensation, freezing, 
etc. 

The upward plan of heating the galleries, therefore, 
had advantages in meeting this situation, since with the 
well-distributed slot-inlets along the floors it makes no 
particular difference whether any gallery has even a 
roof over it, so far as getting that gallery warm is con- 
cerned, 

The heating and air conditioning system as installed is 
essentially a recirculating system in which the air is tem- 
pered, moistened, dust-filtered, and drawn through sup- 
ply fans in the basement. These fans discharge it 
through metal ducts to local reheaters in the basement 
directly under the rooms which they serve. The air 
for the ground story is exhausted back into the basement 
and is carried in metal ducts to the exhaust fans, which 
may waste it outboard or may return it to the separate 
supply systems of the ground story. The air supply 
for the galleries enters them at the floor, passes through 


the ceilings to the attic, and is drawn across the attic 
to down-going shafts leading to the supply fans, or is 
discharged outboard in proportions as convenient. The 
cold air intakes are from towers as high as possible 
above the dust-eddies which usually occur on flat city 
roofs. 


Walls and Roof Insulated 


The outer walls and roof of the building are in- 
sulated with cork to reduce the heat loss when using 
the attic as a recirculating duct, since specific attic air 
ducts could not be installed for want of room. The cir- 
culation of the return air or the spent air across the 
attics has an advantage economically, in that no skylight 
heater coils are necessary. 

The heat loss from dry air at about 70 degrees on its 
way to be recirculated totals a credit against the invest- 
ment and operating cost of condensation-preventing 
radiators under skylights, such as are conventionally 
installed in many buildings of this type. 


Air to Offices Supplied at Window Stools 


for 
are 


The ground story rooms, in general, are used 
classrooms and for administrative purposes. They 
supplied with air at the window stools, through up- 
looking grilles from reheaters in the basement. The 
air is exhausted to ducts in the basement through vent 
registers at the inner ends of the classrooms at both the 
floor and the ceiling and which may be used alternatively 
or together. 
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VerticaL Section THrouGH aA 1931 GALLERY 


The air for each bay is heated by reheaters in the basement and enters the gallery 


through slots in the baseboard, which are practically continuous. 
the area of the room and escapes to the attic. 


and summer. 


It rises evenly over 
This arrangement is effective in winter 
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Ricut — VerTICAL SEcTION THROUGH 
THE 1923 HEMICYCLE 
The roof-chill caused an objectionable 
interior air-circuit which was corrected 
by adding radiation over and alongside 
the stage. 
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Roof Is Ceiling of Music Hall 


The 1923 hemicycle or auditorium and the 1931 music 
hall are similar in construction and different only in 
size. They have plain curved walls and “inverted plat- 
ter” ceilings painted to simulate the sky, with very 
large open areas around the edges of the “sky’’—to 
such an extent that the real ceiling is the roof of the 
building. The inverted platter was not considered as 
a ceiling, the roof itself being insulated. Upward, well- 
distributed ventilation with a low-velocity adjustable in- 
let under every seat is used and this scheme for this 
purpose has been very satisfactory. The plenum cham- 
bers under the auditoriums are zoned, with distributing 
ducts to equalize the air pressure and delivery, and there 
are separate reheaters, controlled by separate thermo- 
stats, for various zones. 

Both auditoriums have separated supply and exhaust 
fans and are arranged sa that during periods of non- 
occupancy they will keep fairly warm by gravity air 
recirculation. Both auditoriums are capable of being 
supplied efficiently with any percentage of outside air 
desired. 

All toilet rooms, locker rooms, etc., have separate 
exhaust fans, and take their air supply from the ad- 
jacent corridors, so that by no chance can there ever exist 
of air from the toilet room to the 
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Lert—Section THrouGH a 1923 CLassroom 
The vent openings near the ceiling are used 
in warm weather while those near the floor are 
used in cold weather. The air supply, heated 
in the basement, enters at the window stools. 


Unit Heaters for Stage 


The stage of the music hall has a very large cold 
wall and ceiling area. The walls and ceiling of the 
stage were insulated with cork, and six large unit heaters 
in three vertical zones are provided for heating this lofty 
room, in addition to strategically-placed direct radiators. 

An interesting experience was encountered with the 
hemicycle in the 1923 center building, where the stage 
has no outside walls, its only cooling surface being its 
roof. In order to facilitate a very fine organ installation 
the upper part of the stage is wide open into the attic 
above the inverted platter or “sky” over the auditorium. 
No particular attention was paid, in the design, to the 
heating of the stage beyond the introduction from the 
auditorium plenum chamber of enough warm air near 
the floor on the stage side of the proscenium arch to 
compensate for the cool ceiling. As long as the fans 
were running everything was satisfactory, but as soon as 
the fans stopped the air, cooled by contact with the 
auditorium roof, found it more convenient to fall down 
through the stage like a mountain torrent of water than 
to diffuse evenly throughout the room, or to escape 
through the high-up exhaust opening. A very definite 
and unpleasant ring-circuit always established itself in 
cold weather as soon as the supply fans ceased running. 

The cold air falling down in this way was of no use 
to the organ and the organ began to protest, until we 
were compelled to install something like 900 square 
feet of direct radiation in the upper part of the stage 
to end this complaint. 
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Hot Water Heating System Zoned 


The building is heated by forced circulation hot water 
from the plant of the Rail-Light Company. It enters 
at a temperature regulated at the power house according 
to the weather; a differential pressure of about 25 
pounds is available. 


The entire hot water heating system is designed for 
positive circulation, using small size piping, with auto- 
matic temperature regulation of the water flow to the 
individual radiators. Such an arrangement is in itself 
an automatic adjuster of the water flow rate, since when 
the first rooms to get warm have their water shut off 
by the automatic radiator valves, that water builds up 
pressure which causes a more rapid flow in the cooler 
rooms, and as these, one by one, reach the desired tem- 
perature, the process becomes cumulative. In addition 
to this individual automatic control, however, the hot 
water mains are zoned for the major exposures and 
have electric master thermostats which accomplish gen- 
eral water temperature regulation. Each zone has a 
water pressure regulator on the flow main with its 
governor on the retufn main so adjusted that a con- 
stant differential in pressure between the two always is 
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in effect; this differential pressure having been estab- 
lished by actual experience as that necessary to overcome 
the friction of the circuit. Thus none of the zones ever 
may take too much of the hot water and any one of them 
which has its pilot thermostat sufficiently warm will 
be cut down on its water supply volume and thus will 
have a reduced local differential pressure which will 
tend to cause a higher pressure for the remaining zones. 

For the 1931 additions hard drawn copper tubing, sol- 
der-sweated forged brass fittings and special valves for 
use with copper tubing were used on all heating services. 


Skylights Whitewashed in Summer 


In order to reduce the heat gain due to direct sun- 
shine in summer on the glass skylights over the galleries 
these roofs are whitewashed every summer with a lime 
solution which has been proved by cut and try methods 
to endure against the summer rains only; when fall 
comes, with its shorter days and reduced sun glare, 
Nature has cleared away the whitewash. Very little 
human aid is needed to restore the transparency of the 
glass when desired. Very great gains in comfort are 
possible when the roofs and skylights are thus made 
into reflectors rather than into absorbers of sunshine. 





Turning Blades Reduce Duct Elbow Losses 


By F. E. Wertheim 


CELEBRATED engineer once wrote a series of 

articles entitled ““Things that are usually wrong.” 

Inasmuch as he did not mention duct elbows, the 
subject can hardly be said to be exhausted. 


Importance of Proper Duct Design 


The apparent simplicity of the problem of designing 
ducts may possibly be the main reason for the numerous 
installations made without regard for the natural laws of 
air flow. The large volumes handled by ducts make the 
subject of duct losses one of considerable importance. 

The air conditioning and ventilating engineer is not 
the only one concerned with the problem. For example, 
a power plant equipped with large economizers and air 
preheaters and having fan motors, perhaps as large as 
500 hp., may waste a considerable percentage of aux- 
iliary power if the usual extensive system ‘of ducts has 
been designed incorrectly. Redesign, involving only mod- 
erate expense, may effect both an increase in station 
capacity and economy in the auxiliary power consumed 
by fan motors. 

The engineer must bear in mind that “an air condi- 
tioning installation is no better than its duct or dis- 
tributing system.” Let us imagine some plant in which 
there is a leaky oil tank having a visible waste of several 
barrels of oil per day—a leak of this sort would be 
speedily repaired. On the other hand, the benefits to 
be realized by stopping the insidious power leaks due to 
resistance in poorly designed elbows in ventilating sys- 
tems have often been ignored. 

To insure maximum effectiveness of conditioned air, 
duct work should be designed for proper distribution 
with minimum operating cost, i.e., power cost of the fan. 


References Cited 

The purpose of this article is to outline briefly the 
requirements for good design, so that the engineer can 
lay out elbows which will reduce duct losses to the min- 
imum. Manifestly, an abstract of preceding contribu- 
tions to the technical press is necessary. The writer has, 
however, endeavored to avoid a mere “re-write” of the 
original work given in the appended bibliography of 
several important articles. 


Attention to Duct Adjacent to Elbow 


Study of elbow losses involves attention to the design 
of the adjacent duct. It hardly seems necessary to 
state that the optimum duct is of circular cross-section, 
or that a square section is preferable for straight runs 
whenever round sections are not to be used. Entrance 
losses may be reduced by the shape of inlets, the proper 
design of the elbow itself will reduce turbulence and 
eddy losses, and whenever feasible a straight pipe at 
least four diameters in length should be placed at the el- 
bow exit to smooth out the flow, with resulting lessen- 
ing of losses. The straight pipe at exit will bring about 
the same gains for either round or rectangular sections. 


Typical Elbows 
Referring to Fig. 1, the ratio W’/D is called the aspect 
ratio, and R/D the radius ratio. In general, elbows 
should be designed with large radius ratios and large 
aspect ratios. There is no gain to be had, however, in 

making either ratio greater than six. 
Fig. 2 shows a conventional elbow which may be im- 
proved in several ways. Fig. 3, showing a square corner 


elbow, does not appear in very many illustrations of 
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Fic. 1—Tue Aspect Ratio oF AN Expsow Is IW/D. 
Tue Rapius Ratio Is R/D 


Fic. 2—A ComMon Type oF Etpow Wuicu Orten Can 
Be IMPROVED 


Fic. 3—Tuis Sguare Corner EL_sow Has Ten PER 
Cent Less Loss THAN THE ELBow SHown IN Fie. 2, 


ACCORDING TO TESTS 


Fic. 4—Rounpep ELsow to Wuicnu a Sp Litter Has 
Been Appep, INCREASING THE ASPECT AND Rapius 
RaTIos 


Fic. 5—Tue Appition or TurRNING BLAapEs WILL OFTEN 
Repuce Losses 


duct work. Nevertheless this square corner elbow has 
10 per cent less loss than the round corner elbow in Fig. 
2, according to tests, 

Fig. 4 shows a rounded elbow to which a splitter has 
h<en added, thus increasing both aspect and radius ratios, 
with resultant economy. Two splitters should be the 
maximum, 

Structural conditions may impose the requirement of 
a square bend with an aspect ratio of less than unity and 
a very sharp bend, giving a flat turn with extreme loss 
of velocity head. The addition of turning blades, as 
shown in Fig. 5, may reduce losses as much as 80 per 
cent. The chart, Fig. 6, is intended for use in design- 
ing square elbows equipped with blades; it is based on 
an aspect ratio of 4; a radius ratio of 1.25; and length 
of lip equal to 0.6 X radius. 

The edges of the blades, made of sheet metal, should 
be thinned to half the thickness of the metal, preferably 
by a gradual taper (7° or less). 


Bibliography 


New Data for the Design of Elbows in Duct Sys- 





Important power savings can be made by 
reducing duct losses to the minimum. 
No plant would allow a leaky oil tank 
to waste several barrels of expensive oil 
every day, yet often improperly designed 
ducts and elbows are allowed to waste just 
as expensive power month after month. 
Frequently, turning blades installed in the 
elbows will lead to decreased resistance 
and greater efficiency. The chart pub- 
lished with this article gives the necessary 
informaticn for their use. 
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Loss of Pressure Due to Elbows in the Transmission 
of Air Through Pipes or Ducts, by F. L. Busey. (Trans- 
actions, A. S. H. V. E. Vol. X1X, 1913, p. 366.) 

Change in Duct Design Saves 400,000 kw. per Year, 
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Square Bends Reduce Elbow Losses in Ducts, by 
B. L. Spivak. (Power, Jan. 8, 1929.) 

Reducing Friction Losses in Rectangular Duct EI- 
bows, by H. Nippert. (Power, June 10, 1930.) 





Directions for Using Chart 


From horizontal scale of Duct Height enter chart on vertical line to 
intzrsection of Duct Width on left vertical scale; thence vertically to 
nearest inclined N-line to obtain number of blades in elbow. 
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Example: Given a duct 7 ft. 6 in. high by 9 ft. 3 in. wide. 


ee (a) Number of blades 
(b) Spacing 
(c) Radius of blades 
(d) Length of lip 




























































































(a) N = 2 = number of blades 
From point of intersection of Duct Height and N-line, follow horizontal (ob) S = 30 in. = spacing 
line to intersect two right hand scales to obtain radius R and lip (c) R = 37%in. = radius 
L; and vertical S-scale to obtain spacing of blades. (d) L = 22% in. = length of lip 
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In this article, the author considers the 
design of joints for piping 1000-F steam 
at the Delray plant of The Detroit Edison 
Company. Part | of this article—which 
was published last month—related to the 
flexibility of high temperature piping 


By Arthur McCutchan* 














Designing High ‘lemperature 
Steam Piping 


Part Il—Pipe Joints for 1000 F Service 


STUDY of bolted gasket joints for operation at 
A temperate from 1000 F to 1100 F indicates 

that it is expensive to design a rigid type of joint 
for high working pressures at this temperature due to 
the effect of creep on such a joint. 

These considerations led to the use of welded joints 
backed up with flanges for the joints where disassembly 
was not required. Four joints in the high tempera- 
ture line from the superheater to the 10,000 kw. turbine’ 
were desired which could be taken apart readily. Two 
joints were made of extremely heavy construction of 


“Engineer, Engineering Division of The Detroit Edison Company, 
Detroit, Mich. 
1See description in Part I of this article. (Page 825, Hearine, 
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modified 900-Ib. A.S.A. dimensions while the remaining 
two joints, whose dimensions were fixed by previous de- 
sign, were provided with springs to compensate for the 
effects of creep. 


Flexibility of A.S.A. Flanged Joints 


Flanged joints made up to A.S.A. standard dimen- 
sions are found to possess considerable flexibility. In 
general the deflection of the flanges in a loose-flanged 
joint will be from two to four times as large as the 
change in length of the bolts for a given change in load 
on the joint. This change in load on the joint may be 
due to temperature lag of the bolts behind that of the 
inner edge of the flange in bringing the line up to 
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the flange and bolt mate- 
rial to the stresses which 
exist in the joint in the 
operating condition. 

An exaggerated picture 
of the effect of tempera- 
ture difference on the ex- 
pansion of a flange is 
shown in Fig. 1. The dif- 
ference in expansion which 
tends to set up additional 
stress in the bolts is caused 
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by the change in length of 
the mass at the inner edge 
between the center of the flange and the gasket surface 
acting at the higher temperature and the mass between 
the center of the flange and the nut (Mass 2) acting at 
a lower temperature. The difference between the sum 
of these elongations and that of the bolt over the corre- 
sponding length is one-half the amount that the bolt will 
be stretched because of the temperature lag. Published 
data from tests indicate that the maximum temperature 
difference during the warming-up period which might 
be expected in a fully insulated flange when the steam 
temperature is raised to 1100 F should not exceed ap- 
proximately 300 F. 

If the flanges were perfectly rigid such a temperature 
difference would set up extremely high stresses in the 
bolts and flanges, but—as noted in the foregoing—or- 
dinary A.S.A. flanges actually possess considerable flex- 
ibility. This flexibility of the flanges reduces the stresses 
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set up by temperature difference during the warming up 
period to from one-half to one-fourth that which would 
exist if the flanges did not deflect. Neglect of the flex- 
ibility of the flanges is responsible for erroneous conclu- 
sions which have been drawn as to the magnitude of bolt 
stresses caused by temperature difference. The flexibil- 
ity of the flanges likewise tends to minimize the effect of 
creep and hence extends the life of the joint. 


Design of Heavy Flanged Joint 


It is possible that, if a gasket surface is used which 
requires a small axial force to keep tight, and if ex- 
tremely heavy bolting and flanges are used so that the 
working stresses are very low, the creep of the flange 
and bolt material may be compensated for by 
periodic tightening of the nuts without intro- 
ducing supplementary flexibility into the joint. 


Creep Characteristics of 10-in., 600-Ib. 
Flanges 


A 


However, in the case of the 10-in., 600-lb. 

A.S.A. flanges of the center-pressure valve 

which connects to the outlet tee of the superheater, the 
working stresses are such that rather high creep rates 
may be expected in the flange and bolting material. As 
there have been no creep tests made on flanges, or even 
on beams subjected to bending, only qualitative results 
can be obtained from an analysis of the creep char- 
acteristics of a joint. Hence in this study only the creep 
of the bolts is taken into account but the creep curves are 
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chosen so that an allowance exists both because of the 
use of higher grade bolting material and the use of bolts 
with full shanks in the final design instead of bolts 
threaded the entire length as were used in determining 
the relative life of joints in this study. 


Development of Spring to Absorb Creep 


As the result of an investigation of several types of 
spring or other flexible member, it has been determined 
that a simple and effective method of introducing flex- 
ibility into an existing joint is by the use of so-called 
“hairpin” springs, as shown in Fig. 2 at B. These 
springs are designed to approximate beams of uniform 
strength, so are economical of material. A high grade 
spring material with an allowable working stress of 
60,000 Ib. per sq. in. is used so that the ratio of effective- 
ness to weight is low. It has been found from tempera- 
ture measurement on some springs installed in an ex- 
perimental superheater line at the Trenton Channel plant 
that the maximum temperature of the springs does not 
exceed 500 F when the steam temperature is 1100 F. 
Consequently, the spring material can be assumed to 
retain its high physical properties under operating condi- 
tions. 


Effect of Spring on Life of Joint 


Regardless of inaccuracies in the assumption as to 
creep rates, effect of bending moments, operating tem- 
peratures, etc., the use of these springs should increase 
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the life of the particular joints to from ten to twelve 
times the period which they could be expected to stay 
tight without their use. This is indicated in Fig. 3. 
For example, if the length of the bolt is changed by 
0.030 in. either due to creep or temperature difference 
the load on the individual bolt will be changed by 9,800 
Ib. as found from the load deflection relation of the 
joint without a spring. To obtain this same change in 
load on the bolt in a joint with these springs installed 
would require a change of 0.37 in. in the length of the 
bolt. In other words if this change in length were due 
to creep it would require more than twelve times as much 
creep to effect the same reduction in bolt load. 


The foregoing relation is given more directly in Fig. 4 
in which the gasket compression on the side of a joint, 
which has its gasket pressure reduced by a bending mo- 
ment of 140,000 in.-lb., is plotted against operating period 
in 1,000 hours. If it is assumed that the joint will leak 
when the gasket compression is reduced to slightly below 
twice the W.S.P. (134 in Fig. 4) then the use of springs 
increases the life of the joint from 250 hours to 4,000 
hours, or sixteen times. If the joint remains tight until 
the gasket compression is reduced to once the W.S.P., 
the joint life is increased from 500 to 6,000 hours, or 
twelve times. These results are based on creep data of 
Professor F. H. Norton for 0.37C steel. 

If creep data for a chrome-tungsten bolt steel similar 
to that selected for this installation are used as a basis, 
the operating periods are found to be approximately 
eight times as long as those based on Norton’s data for 
carbon steel, but the increase in length of time to effect 
a reduction of gasket compression to once the W.S.P. 
when springs are used does not differ materially from 
the increase found for carbon steel. With the chrome- 
tungsten steel, the joint will remain tight 12.8 times the 
period which would elapse if springs were not used. 


Effect of Spring on Bolt Stress Due to Temperature 


Difference 
The effect of temperature difference on bolt 
; = stress during the warming-up period is shown 
~ENGTH . ~T - . 
in Fig. 5. It is assumed that the bolts have 


attained 800 F when the flange mass at the 
inner edge is at 1050 F. A bending moment 
of 140,000 in.-lb. increases the stress in the 
bolts in one-half of the flange and decreases 
the stress by a like amount on the other side. 
Bolt forces, bending couples, and gasket re- 
actions are considered as acting at the centers 
of gravity of their respective semi-circumfer- 
ences. 

The drop in the modulus of elasticity with 
increase in temperature is responsible for the 
reduction in bolt stress at operating tempera- 
ture. Without the use of springs and an 
initial tension cold of 10,000 Ib. per sq. in., 
the maximum stress attained during the warm- 
ing-up period is approximately 17,500 Ib. The 
use of the springs eliminates this factor from 
consideration as the increase in bolt tension 
due to temperature difference is compensated 
for by the deflection of the spring and the drop 
in value of the modulus of elasticity. (See Fig. 
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6.) Fig. 5 also shows the reduction in bolt tension due 
to creep during the first month or two of operation. 


Bolts with Full Shanks vs. Bolts Threaded Entire 
Length 

From the standpoint of reducing stress due to tem- 
perature difference the use of bolts threaded the entire 
length or with the shanks reduced to the root diameter 
of the thread can be justified with certain types of joint. 
If the flanges of the 8-in. joint were perfectly rigid and 
were connected with twelve 1% in. bolts having an un- 
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Full shank bolt 
0.015 & 24,000,000 
P, = —c_——_ 


- = 483,000 Ib. 


Threaded bolt 
0.015 & 24,000,000 


P, —_— — 404,000 Ib. 


0.890 

The total cross-sectional area of the bolts in the joint 
at the roots of the threads is 16.86 sq. in. The increase 
in stress due to temperature difference for the full shank 
bolt is 28,700 Ib. per sq. in. The similar figure for the 
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threaded portion twelve inches long and three inches of 
threaded length between the centers of the nuts, the 
elongation of the bolts in terms of the total axial load on 
the joint and the modulus of elasticity would be given by: 

12P kag s 

=- + ——— = 0.745 — 

21.2E 1686E E 
The similar expression for the same bolts threaded the 
entire length is 
15P 


b: 





P 
a= = 0.890 — 
16.86E E 


If, due to temperature difference, the distance between 
the centers of the nuts is increased by 0.015 in., the re- 
sulting increase in axial load on the joint will be: 
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threaded bolt is 24,000 Ib. per sq. in. In other words, 
the use of full shank bolts results in an increase in 
stress due to temperature difference of approximately 20 
per cent in a hypothetical case in which rigid flanges are 
assumed, 

However, in the particular 8-in. flanged joint under 
consideration, the deflection of the flanges for a given 
load is more than four times the elongation of the bolts 
and is given by 

3.93 P 


& =-—— 


E 
Hence the expressions for elongation of the bolts under 
the two conditions become 
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The increase in stress due to 
the same temperature differ- 
ence as used in the case of rigid flanges shows the fol- 
lowing relative stresses: 
Full shank bolt 
P, 0.015 & 24,000,000 
S$; =— = —— ——— = 4,570 Ib. per sq. in. 
A 4.675 & 16.86 


Threaded bolt 
P. 0.015 24,000,000 
Ss; = — = ——————————— = 4,430 Ib. per sq. in. 
A 4.820 « 16.86 


In this case, where the flexibility of the flanges is taken 
into account, it appears that the use of full shank bolts 
results in an increase in stress due to temperature differ- 
ance of only three per cent. 
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difference approaches the 
elastic limit of the bolt 
material. Furthermore, full threaded bolts can be 
justified only where the operating temperature is such 
that creep does not complicate the problem. 

For operating temperatures in the neighborhood of 
1000 F, creep of the material becomes the important 
factor in joint design. Under such conditions the use 
of full shank bolts is preferable due to the reduction in 
length of bolt subjected to high stress and consequent 
higher rate of creep. 

This advantage of the use of full shank bolts under 
creep conditions may be illustrated by assuming that the 
bolts in the foregoing examples are tightened so that 


000 F 
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Fic. 7—Stress vs. Creep Rate aT 1000 F 
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the total axial load on the joint when temperature equil- 
ibrium is established is 168,600 Ib., giving a stress in 
the threaded portion of both sets of bolts of 10,000 Ib. 
per sq. in. The stress in the unthreaded part of the full 
shank bolts will be in the ratio of their total cross-sec- 
tional areas, or: 


16.86 


21.2 

From the creep curve for a chrome-tungsten steel 
(Fig. 7) the rate of creep for a stress of 10,000 Ib. per 
sq. in. is found to be 3.5 per cent in 100,000 hours. 
The similar figure for 8,000 Ib. stress is 2 per cent in 
100,000 hours. 

For the full shank bolts the increase in length in 
10,000 hours due to creep, assuming constant stress, 
would be 


12 0.002 + 3 x 0.0035 = 0.0345 in. 


The bolts’ threaded the entire length would creep under 
similar conditions an amount given by 


15 & 0.0035 = 0.0525 in. 





< 10,000 = 8,000 Ib. per sq. in. 


In this particular comparison the total increase in 
length of the full shank bolts due to creep in 10,000 
hours is only approximately 65 per cent as large as in 


the case of the bolts threaded the entire length. Of 
course, the reduction in stress as creep occurs must be 
taken into account in determining the life of a joint, 
as was done in determining the effectiveness of the 
springs; the relative advantage of full shank bolts vs. 
threaded bolts will depend also upon the slope of the 
creep curves employed, but the general conclusion that 
full shank holts should be used under temperature condi- 
tions involving creep will not be altered by these con- 
siderations. 


Conclusions 


The foregoing study indicates that for working tem- 
perature at or near 1000 F, flexibility in a bolted joint is 
essential if long life is to be obtained without employing 
excessively heavy construction. This flexibility may be 
obtained either by modification of the flanges or the 
introduction of some form of spring. The form of 
spring proposed enables a large increase in flexibility to 
be obtained in existing joints and should give a joint life 
at least ten times that possible without their use in this 
particular installation. The use of full shank bolts in 
these joints is indicated because of the reduction in creep 
and because the presence of springs renders unneces- 
sary the slightly greater flexibility of full threaded bolts. 
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Ash-Handling Problem 
in a Large Office Building 


This article describes the ash handling equip- 
ment installed in a large office building. The 
boiler plant supplies steam for direct and 
indirect radiation, for cooking and washing 
apparatus in three kitchens, and for tenants as 
required, including a barber shop and hat 
cleaning establishment. Hot water genera- 
tors are also supplied with steam. 

The boilers are operated at 80-lb. gage, per- 
mitting the use of turbine-driven auxiliaries, 
and the accurate reduction of pressures for the 
various requirements in a single stage. 
Among the offices heated by this installation 
are the headquarters of the American Society 
of Heating and Ventilating Engineers. 


By Henry G. Schaefer 





ETERMINATION of the kind of fuel to be 
I) used in the boiler plant is often materially af- 
fected by the matter of ash removal. Good en- 
gineering demands that not only investment, deprecia- 
tion, and operating costs be considered, but that in ad- 
dition to these factors, the sanitary and space require- 
ments of the structure be met. An interesting solution 
of this problem under extreme conditions is reflected in 
the ash-handling installation in the home office building 
of the New York Life Insurance Co. in New York City. 
A 2,000 hp. chain grate stokered boiler plant burns 
No. 2 buckwheat coal. The firing floor is 60 ft. below 
street level, and the floor of the ash handling space 11 ft. 
below the firing level. The illustration diagrams the 
general arrangement of the vacuum type ash-handling 
equipment. Rack and pinion operated air tight gates 
at the bottom of the boiler hoppers 4 permit the ash to 
drop through the dust-preventing chutes B (which are 
hinged to the bridge wall foundation for convenience in 
cleaning). A screened air inlet C admits air to 8-in. 


924 


chilled cast iron conveyor pipe, into which the ash is 
fed through “anvil” type openings D, which are closed 
when not in use. Cast iron plugs, provided with open- 
ings for a hand hook, are used for this purpose. 

A 48-oz. vacuum is produced by a centrifugal ex- 
hauster driven by a direct connected 90-hp. electric 
motor at 3400 r.p.m. This vacuum is communicated to 
the dust separator EF, the ash storage bin F, and the 
conveyor pipe line, successively. 

The ash is carried on the induced air current up and 
into the storage bin. The conveyor pipe enters the bin 
tangentially. A cast iron strike plate is provided as a 
wearing surface for the initial impingement of the in- 
coming ash. The velocity of both air and ash is soon 
dissipated by friction against the concrete lining of the 
biti (which lining is applied to the entire interior, except 
the top, over a coating of rust-resisting putty) and 
eventually all the ash, except some fine dust, falls to 
the bottom of the bin. 

The exhaust connection is taken from the center of 
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the top, so that the “core” of the air, which has dis- 
charged its centrifugally separated ash content and has 
lost most of its rotary motion, is drawn off, and then 
passes through the dust separator, where a second stage 
of centrifugal separation is offered for the dust carried 
over. 


The discharge of the exhauster is carried into the 
main smoke breeching at its point of entry into the 
masonry stack. This connection is so arranged as to 
eliminate possibility of the exhausted air coming into 
contact with the hot breeching plates to cause rapid 
oxidation. 


The complete elimination of noise was a major re- 
quirement in the design of this building’s mechanical 
equipment. The exhauster is mounted on a concrete 
block set in, and isolated from, the walls and bottom of 
a concrete lined rectangular pit. Natural cork, 2 in. 
thick, is the isolation medium. The inlet and discharge 
pipe connections are broken by means of short sec- 





























tions of heavy rubber tubing, so that no metallic con- 
tact exists. 

The supports of the entire piping system, except the 
main conveyor pipe under the ash hoppers, and includ- 
ing air piping and bins, are isolated from the building 
structure by either lead or hair-felt, or in some instances 
by a combination of both. 

To facilitate dust separation, a water spray jet is pro- 
vided in the conveyor at its point of entry to the ash bin. 
The valve controlling the jet is located beside the ex- 
hauster controller for convenience in operation. The 
water jet serves a dual purpose in that, since the ash is 
sprayed with water, its eventual discharge by gravity 
into trucks in unaccompanied by objectionable dust 
clouds. 

It is interesting to know that this conveyor system 
is operated at will during office hours without the 
slightest hint of such activity being noticeable in even 
those public and working spaces through which the con- 
veyor passes. 
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The Report to the Committee on Growth and Development, White House Conference 
on Child Health and Protection—Part I. 


The Influence of Atmospheric 
Conditions on Health and Growth 


co) By CG. P. Yaglou* e 


LIMATIC influences upon the organism have 

been recognized since the time of Hippocrates, 

but our knowledge of the specific causative fac- 
tors and of the physiological and biological principles in- 
volved is still very limited. Whatever the mechanism 
of action may be, it is now well known, from numerous 
statistical, laboratory and field researches at home and 
abroad, that atmospheric conditions in general, and tem- 
perature in particular, have a direct effect upon health, 
growth and activity, as well as indirect effects through 
food, disease, and mode of life. 

Young children, especially infants under one year of 
age, are much more sensitive to the effects of heat and 
cold than adults, because their mechanisms for regulat- 
ing the temperature of the body are less stable than those 
of adults. In no other age group is the incidence 
of morbidity and mortality so immediately and markedly 
affected by atmospheric conditions. The sensitivity de- 
creases as the children grow older. 

The whole subject of atmospheric influences is ex- 
tremely involved and the literature lacks uniformity. An 
enormous amount of work is needed in all directions 
in order to segregate the effects of the various atmo- 


“Assistant Professor of Industrial Hygiene, Harvard School of Public 
Health. Member of the Committee on Growth and Development, White 
House Conference on Child Health and Protection. 


spheric factors and to gain an insight into the mechanism 
of their action, first upon man, second upon the or- 
ganisms causing infectious diseases, and third, upon the 
means of transmission of the infectious agents. The 
present report deals largely with the effects of atmo- 
spheric conditions upon health and growth, as well as 
with methods suitable for the control of these condi- 
tions. 


Part [—Climate and Season 


Seasonal Variation in Morbidity and Mortality 


The most conspicuous climatic influence upon the or- 
ganism is the effect of season upon the morbidity and 
mortality of infants. In the temperate climates of the 
United States, seasonal changes occur principally in two 
groups of diseases, (a) diseases of the respiratory tract,’ 
which run high in cold weather and (b) diseases of the 
intestinal tract,” which are prevalent in warm weather. 
Other seasonal diseases, not readily associated with these 
two specific groups, have declined in recent years with- 
out affecting decidedly the two seasonal peaks. Further 
north, the long and extremely cold winter constitutes 


1 Including acute bronchitis, pneumonia of all forms and influenza. 
2 Including diarrhea and enteritis. 
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the only unfavorable season, and further south the long 
hot summer is the only unfavorable season. 


As a means for measuring health, sickness records are 
inadequate because the actual morbidity is not expressed 
in statistics. Accurate infant mortality rates, on the 
other hand, are available for the birth registration area 
of the United States, and these offer a very sensitive 
index of the incidence and severity of the two specific 
groups of seasonal diseases. 

Fig. 1 shows the seasonal variation in infant mortality 
from these diseases in the United States birth registra- 
tion area. It will be seen that the mortality from dis- 
eases of the respiratory tract reaches a minimum value 
in July and August, which are the warmest months in 
the year. With the onset of cool weather in September, 
the mortality from these causes rises, attaining peak 
values between January and March. The mortality from 
diarrhea and enteritis follows just the opposite course. 
It begins to rise early in May, reaching its maximum 
in August or September, and it subsides to its norma! 
level in December... It is of interest to notice that the 
peak values in both groups of diseases occur a little 
later in the year than the extremes of temperature. 


The most striking feature in Fig. 1 is that the sum- 
mer peak in mortality from. intestinal diseases is grad- 
ually being reduced, but the winter peak -still remains 
unaffected by medical methods. About fifteen years ago 
the chief cause of infant mortality was diarrhea and 
enteritis. Since 1927, the winter peak of mortality from 
respiratory diseases has been the most dominant feature 
of the mortality curve. 


Environmental Factors in Relation to Respiratory 
Diseases 


Although it is well known that the increase in mor- 
bidity and mortality from respiratory diseases follows 
almost exactly the occurrence of cold weather, little is 
known of the specific causative factors, except when the 
death occurs as a terminal condition of one of the 
contagious diseases, such as measles or 
whooping cough. The prevailing belief is 
that the increase in cold weather in the in- 
cidence of both respiratory and contagious 40 
diseases is associated with overcrowding of 
buildings, close personal contacts, lack of 
ventilation, and overheated rooms. Certain 
special circumstances, such as chilling and 
fatigue, are considered to be contributory fac- 
tors, but the experimental evidence on this 
point is somewhat contradictory. 

North (1)* ascribes the prevalence of 
respiratory diseases in winter partly to the 
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_ %See bibliography to be published with the last part of 
this report. 
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lessened resistance of the mucous membrane of the nose 
and throat which results from the vasomotor shifts of 
blood to the internal organs upon exposure to cold and 


to changes in temperature. Others suggest that the cold 
air in itself may cool the blood to such an extent as to 
diminish the bactericidal activity of the phagocytes and 
the vitality of the cells which line the respiratory tract. 

It is questionable whether these influences would 
significantly affect infants under one year of age, since 
these infants are usually protected from cold weather. 
However, a certain amount of the cooling effect may 
result from the rapid evaporation of moisture from the 
skin and mucous membranes owing to the excessively 
dry indoor atmospheres prevailing in winter. The usual 
changes in the indoor temperature may also have some 
effect on these infants. The deprivation of moisture 
from the mucous membranes may be another factor in 
the situation, as some believe. Recent evidence (2) in- 
dicates that the incidence of respiratory diseases among 
premature infants can be reduced considerably by proper 
control of temperature, humidity, and ventilation rate, 
and by control of contact infections. 

A popular belief is that in winter we lose a great por- 
tion of the ultra violet rays of the sun, partly because of 
its southern declination and partly by filtration through 
the dusty and smoky atmosphere. Several attempts, how- 
ever, to control the seasonal outbreak of respiratory 
diseases among children by the use of artificial ultra 
violet radiation proved ineffectual (3, 4). Abramson 
and Barenberg (5) secured much better results by con- 
trol of contact infections among children than by ultra 
violet radiation. 

The majority of the foregoing beliefs are based largely 
upon impressions and they are held tentatively. The 
problem is a highly complex one, and little exact knowl- 
edge is available on the etiology and treatment of re- 
spiratory diseases. This explains the persisting high 
mortality from these diseases in spite of intensive public 
health efforts and laboratory investigations. The most 


fruitful field of research seems to lie in clinical and 
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pathological studies, dealing with the entire group of 
respiratory diseases including the common cold. Current 
epidemiological studies by Frost and Doull in Baltimore, 
by Rosenau in Massachusetts, and by Smillie in well 
chosen isolated communities, will probably throw con- 
siderable light upon this obscure problem. 


Envirenmental Factors in Relation to Intestinal 
Diseases 


The influence of heat upon food and other disease- 
transmission agents is now well recognized, but the direct 
effects of summer heat upon the organism are not fully 
appreciated. Evidence shows that high environmental 
temperatures, especially when they are accompanied with 
high humidities, cause a rise in the internal temperature, 
and this induces vasomotor shifts of blood to the 
peripheral vessels leaving the intestinal wall in an 
anaemic condition. 

Salle (6) reports that exposure to temperatures of 
84 to 86 F diminishes the amount of gastric secretions 
as well as their acidity and digestive activity. The 
stomach loses some of its power to act upon the food, 
and there is a corresponding loss in the antiseptic and 
antifermentive action of the gastric juice, which favors 
the growth of bacteria in the intestinal tract. Ample 
confirmation of this we find in the works of Arnold 
(7, 8, 9) and Medowikow (10). The latter reports, in 
addition, that in nine cases out of ten, B coli was also 
present in the spleen and liver of young rabbits after 
an exposure of twelve hours to incubator temperature. 


The peculiar susceptibility of young infants to diseases 
of the gastrointestinal tract is attributed to their inability 
to adapt themselves to the climatic environment. Accord- 
ing to Arnold (11), although the disturbances due to 
lack of adaptation can partly be offset by altering the 
diet, the factors of weather and foods cannot be sepa- 
rated, and one can influence the other. 


The deleterious action of heat is, of course, a func- 
tion of the indoor temperature to which the infants are 
exposed, but in summer this temperature depends to a 
considerable extent upon the outdoor temperature. 
Numerous studies of housing conditions in relation to 
infant mortality all agree that the factor leading to high 
indoor temperatures, such as narrow streets, overcrowd- 
ing, and lack of free circulation of air due to inade- 
quate building construction, bear heavily upon infant 
and child mortality. 


Recent unpublished data by Blackfan and Yaglou 
show that (other factors remaining the same) the in- 
cidence of diarrhea among premature infants can be 
controlled by artificial control of environmental tem- 
perature, humidity, and ventilation rate. By properly 
conditioning the air with reference to these factors, the 
incidence was markedly reduced and it remained fairly 
stationary at all seasons of the year. 

In the light of the evidence presented here, a cam- 
paign against seasonal diseases should include, in 
addition to the control of the food supply and general 
sanitation work, the control of the indoor air condi- 
tions, particularly in institutions for sick infants and 
children. Protection against excessive summer heat 
is still a rare exception in institutions of this kind, 
but the number of new hospitals providing for artifi- 
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cially cooled rooms for infants is gradually increas- 
ing. 


Geographic Distribution of Seasonal Diseases Ac- 
cording to Seasonal Temperature 


The literature on the geographic distribution of 
morbidity and mortality from respiratory diseases is 
quite contradictory. The consensus seems to indi- 
cate that there are no marked differences in the 
various parts of the United States. 

In a very thorough study of the local and sec- 
tional characteristics which affect the infant mortal- 
ity, Holland and Palmer (12) came to the conclusion 
that climatic factors, such as temperature, rainfall 
and sunlight, are relatively unimportant in their 
effect on urban infant mortality. Race, nativity, eco- 
nomic and educational status are claimed to be the 
chief factors. 

Huntington (13), on the other hand, finds a definite 
relationship between temperature and daily deaths 
in New York City for all ages as well as for children 
under five years of age. In this latter age group, 
the deaths were found to decline progressively as the 
temperature rose to 55 F, but increased portentously 
with every rise of temperature above 60 F. 


It must be conceded that the causes of infant mor- 
tality are very complex, and so closely related to 
community life and general environment that it is 
difficult to separate and evaluate the effects of the 
various climatic factors. Nevertheless, it would be 
equally difficult wholly to explain on any other 
grounds the fact that some cities on the Pacific Coast, 
which are blessed with a climate approaching the 
ideal for infants, now have and have had for many 
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mortality (usually that in July) 
is subtracted, the difference gives 
the winter excess in mortality. 
This is tabulated against the av- 
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years the lowest infant mortality in the United 
States. Recent public health efforts were successful 
in reducing infant mortality, but the decline has not 
altered appreciably the relative geographic distribu- 
tion of mortality. 

In order to test for geographic distribution of in- 
fant mortality on the basis of climate, a special study 
was undertaken by the committee on growth and de- 
velopment. Owing to the complexity of the prob- 
lem, exact mathematical methods were not justified, 
but certain empirical methods had to be used for the 
purpose of eliminating and balancing, as much as 
possible, the unwanted factors. To begin with, the 
powerful influence of race was eliminated by con- 
sidering white infants only. The method of analysis 
used is based upon the fact that, in the temperate 
climates of the United States, the weather at some 
period in the course of a year is apt to approach a 
more or less favorable state. Under this condition, 
the influence of climate would be at a minimum, and 
the actual mortality at this particular period, or a 
little later on in the year, would. depend largely on 
other local and sectional factors which affect the in- 
fant at all times. Starting with this as a basic level 
of infant mortality for any given community, the in- 
crease in mortality from this basic level to the crests 
of the winter and summer waves must be largely due, 
either directly or indirectly, to the unfavorable 
weather condition prevailing in that locality. The 
seasonal excess in infant mortality computed in this 
manner was found to bear a fairly close relation to 
seasonal temperature, regardless of whether the lag 
between the extremes in temperature and the ex- 
tremes in death rate was taken as one or two months. 

As an example, Fig. 2 shows the characteristics 
of the seasonal trend of mortality for the city of New 
York. As a general rule, the minimum infant mor- 
tality in New York occurs in July and the peaks of 
mortality occur two months after the month of ex- 
treme temperatures. For the group of cities used in 
this study, the average lag between the extremes in 
temperature and the extremes in death rate was 
found to be about one month. 


8 


Nov. erage temperature for January, 

February, and March (one month 

lag). In the same manner, the minimum mortality is 

subtracted from the average mortality for the peak sum- 

mer months (usually August, September, and October ) 

and the difference tabulated against the average tem- 
perature for July, August, and September. 

Altogether, forty-one cities were used in this anal- 
ysis. The infant mortality rates for thirty-eight of 
these were secured from the weekly reports of the 
U. S. Public Health Service (1925-1929), and for 
the remaining three cities, namely, Birmingham, 
Memphis, and New Orleans, from city health depart- 
ments. The thirty-eight cities represent those in the 
birth registration area of continental United States 
since 1925, or earlier, for which Weather Bureau 
data are available. An exception had to be made 
for the city of Des Moines, which was excluded from 
the analysis because the mortality rates varied so 
much that it was difficult to decide with any degree 
of certainty upon the maxima and minima. Unfor- 
tunately, it was impossible to secure data on more 
than forty-one cities, on account of limitation in time. 

Concerning the years to be investigated, there was 
little choice. The five consecutive years, 1925 to 
1929, had to be studied because the mortality data 
for white infants prior to 1925 are meager. The re- 
sults, therefore, include the effects of the epidemics 
of influenza and pneumonia which occurred in the 
years 1926 and 1928-1929. 

In deriving the general trend, the cities were first 
classified according to their seasonal temperature, as 
in Table 1. The weighted average seasonal excess 
in mortality was then computed for each temperature 
group by multiplying the seasonal excess of mortal- 
ity in each city by the corresponding number of 
births for the year 1927 (1928 and 1929 birth statistics 
not yet available) and dividing the sum of the prod- 
ucts by the sum of the births. In the same manner, 
the weighted average seasonal temperature was com- 
puted. Table 1 shows the results. 

The following three main features are to be noted 
in this table: 


(a) Minimum infant mortality appears to occur when the sea- 
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sonal temperature, as computed in this study, averages be- 
tween 60 and 65 F. 

(b) The mortality increases for temperatures above and below 
this apparent optimal range. 

(c) There is an indication for very low temperatures to be asso- 
ciated with a relatively low mortality. 

On the whole, the general trend is fairly clear, but 
there is some distortion for temperatures between 
50 and 60 F which may be due to the small number 
of cities involved, The chief cause, however, is 
found to lie in the three California cities used in this 
study, San Francisco, Los Angeles, and San Diego, 
all of which for some unknown reason have exces- 
sively high mortality rates from respiratory diseases 
for their climate. 

Fig. 3 shows the crude trend, excluding the three 
California cities, and the relative position of these cities 
with reference to the general trend. With one or two ex- 
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attributes the flattening of his curves chiefly to the 
small number of observations, an explanation which 
may also hold true in the present study. It is pos- 
sible, however, to explain this by the effects of ex- 
treme cold upon the parasitic cause of disease or 
upon the human organism itself. 

Although infants under one year of age are, as a 
general rule, protected from cold weather, Fig. 3 
shows a progressive decrease in mortality with pro- 
gressively increasing seasonal temperatures, from 30 
to 60 F. This is an unmistakable characteristic of 
the respiratory group of diseases, for which tempera- 
ture appears to be the best known index of the 
effects of changing seasons. 

In summer, as the seasonal temperature of the 
localities increases above 65 F, the mortality, chiefly 
from diarrhea and enteritis, appears to increase 
sharply almost in direct proportion to the tempera- 
ture. An exception to this is to be found in the ex- 
cessively warm cities of the South where the mortal- 
ity, after reaching peak values early in May and 
June, begins to decline while the temperature is still 
high, or even rising. In the light of Arnold’s studies 
(11) these facts may be explained partly by the adap- 
tive changes which take place in the defensive mech- 
anism of the intestinal mucosa, after a period of ex- 
posure to high temperatures, and partly by changes 
in diet. 

According to Fig. 3, not only the effects of cold 
but also the effects of heat upon infants, whether 
the direct, or indirect, effects, or both, are still at 
large and far fram being under adequate control. 
This holds true particularly in cities in which little 
public health work is being carried on for the con- 
trol of the intestinal group of diseases. As a general 
rule, these cities lie above the general trend shown 
in Fig. 3. 

In spite of the apparent definite relationship be- 
tween seasonal temperature and seasonal variation 
in infant mortality, it should be made clear that we 
are relying on meager data and upon massed aver- 





ceptions, the general character- 
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under five years of age, in the 
city of New York. The rela- 
tively low death rate for tem- 
peratures below 25 F has been 
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ages in which the effects of many other factors, 
directly or indirectly associated with temperature, 
are imperfectly separated from those of temperature. 
For this reason Fig. 3 may be of little value in so far 
as quantitative data are concerned. Its value lies 
chiefly in showing the prevailing crude trend of 
climatic influence, for which temperature appears to 
be the most important index. 

The recent introduction of several more states to 
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the United States birth registration area may yield 
sufficient data to separate the effects of some im- 
portant factors which affect the infant mortality, and 
derive a revised trend which would be more truly 
representative. 


The Influence of Humidity, Variability, Wind, and 
Other Factors, Upon Infant Mortality 


According to Huntington (13), atmospheric humid- 
ity plays only a minor rule in children under five 
years of age as compared with older persons. He 
believes that if it were possible to elminate the effects 
of all other climatic factors, one should find that at 
all temperatures up to the optimum (55 F according 
to his data), the best relative humidity exceeds 80%. 

The present study discloses a significant humidity 
effect when individual cities are considered by them- 
selves. In Table 2, the monthly infant mortality 
rates for New York City are classified in two groups 
according to the average monthly relative humidity. 
Although the range from high to the low humidity 
groups is quite small, it can be seen that for tempera- 
tures up to our probable optimum of 63 F (Fig. 3), 
the higher humidities are, as a general rule, asso- 
ciated with the lower infant mortality. To some ex- 
tent, this confirms Huntington’s finding to the effect 
that a moist atmosphere is more favorable for respir- 
atory diseases than a dry one, but it is diametrically 
opposite to what some persons held and taught for 
many years. In July and August. when the tempera- 
ture exceeds 65 F, the reverse holds true, as in 
Huntington’s data. These general tendencies for 
New York City are more or less representative of 
several other large cities studied by the committee. 
Unfortunately, the number of cities we are dealing 
with and the range in the seasonal humidity between 


the various cities, are too limited for the purpose of 
separating the effects of humidity from those of tem- 
perature in the general trend shown in Fig. 3. 

In addition to these statistical data, accurately con- 
trolled studies on premature infants (2) also show 
that a fairly high degree of moisture in the air is as- 
sociated with a lower mortality among these infants. 

Variability in temperature and wind did not appear 
to exert any significant influence upon infant mortal- 
ity, when the data for large cities were analyzed by 
a method similar to that used for humidity (Table 
2). For persons over five years of age, however, 
Huntington (13) states that a moderate high degree 
of variability in temperature from day to day and 
variable winds of moderate intensity, are stimulating 
and are associated with a lower death rate. 

In the light of our study, precipitation appears to 
be a factor of some importance, but the influence of 
other elements, such as sunshine, cloudiness, storms, 
etc., render the problem too complicated to be con- 
sidered here. 


The Probable Optimum Climate 


Both statistical and experimental studies indicate that 
there can be no ideal climate to suit every purpose. The 
state of health, state of civilization, race, type of disease, 
medical methods, age, etc., are all factors which may 
alter the optimum of climate to a considerable extent. 

For inhabitants of New York City over five years of 
age, Huntington’s optimum climate consists of a tem- 
perature of 65 F, a relative humidity of nearly 90%, 
and a moderately high degree of variability from day 
to day (13). 

For children under five years of age, which means 
mainly for infants under one year of age, Huntington 
tentatively sets the optimum temperature at 55 F and 
the humidity at 80% (13). 

According to the present study the probable optimum 
temperature for infants under one year of age appears 
to be about 63 F (Fig. 3) or about 8 F higher than 
Huntington’s value. If this is true, the optimum for 


TABLE 2—Errect oF HumMipity UPON INFANT Mortatity DatTA 
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these infants is substantially the same as that of Hunt- 
ington’s for persons over five years of age. 

The apparent difference between Huntington's and the 
writer’s optimum for infants may be due to the fact 
that his data deal with deaths in 1882 to 1888, whereas 
the present data include deaths in 1925 to 1929. The 
recent significant reduction in infant mortality from 
diarrhea and enteritis by control of the parasitic cause 
of the disease may be responsible for the apparent in- 
crease in the optimum climatic temperature. This stands 
to reason if one considers that the optimum temperature, 
as determined statistically, is mainly a compromise be- 
tween the physiological optimum for the human organism 
itself, the optimum for the respiratory group of dis- 
eases, and the optimum for the diarrheal group. Fur- 
ther advances in medical methods and improvements in 
general sanitation work may alter the optimum from 
year to year until it may finally approach the physio- 
logical optimum for the human organism itself. 

We must now distinguish between indoor and outdoor 
atmospheres. The infants we are dealing with are not, 
of course, exposed to the rigors of cold but they are 
well protected in artificially heated rooms. Nevertheless, 
they are affected by adverse weather because the outdoor 
climate modifies the indoor atmosphere and the mode of 
life. Temperature by itself may not be the primary 
causative factor, but it is the most conspicuous char- 
acteristic of the changing seasons, and the best index 
we have, at present, of climatic effects upon the organism. 
Overcrowding and lack of ventilation accompany cold 
weather. An optimum climatic temperature of 60 to 
65 F may in reality mean that the weather is mild and 
pleasant enough to take the infants out-of-doors or to 
secure better ventilation indoors by opening windows. 

The solution of the general problem of climate and 
health requires extensive studies of the effects of many 
other elements, such as atmospheric ionization, sunshine, 
barometric pressure, precipitation, wind, frost, and per- 
haps other factors, all of which may have an important 
bearing upon health. 

Seasonal Variation in the Growth of Children 

Statistical studies reveal a seasonal periodicity of 
growth in children. Porter (14) has shown, from mea- 
surement of thousands of Boston school children, that 
the months from July to December are especially favor- 
able for growth in weight. The most rapid gain was 
found to occur from September to January, the aver- 
age gain during the period being four times that during 
February to June. 

In Johannesburg, Transvaal, where the seasons are re- 
versed, Cluver (75) found a corresponding reversal in 
the period of rapid growth in weight of infants. The in- 
fants gained nearly twice as rapidly in the cool season, 
April to September, than in the warm season, October 
to March. 

Nylin’s observations (16) are of special interest. His 
evidence indicates that school children in Spanga and 
Stockholm grow fastest in height in spring, but gain in 
weight most rapidly in late autumn and early winter. 
On the whole, the weight increase seems to vary in- 
versely with the height increase. Nylin does not agree 
with the prevailing view that the seasonal variations in 
growth are due to variations in the water content of the 
body. Although he appreciates the influence of sunlight 
upon growth he points out that his findings do not con- 
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firm this connection and that further studies into un- 
identified endogenous factors are needed in order to clear 
the situation. 


Atmospheric Pollution 


The most important atmospheric pollution at present 
is that due to smoke and soot discharged from house- 
hold and industrial chimneys in many large cities. In 
addition to the suspended carbon, dust, and ash particles, 
the exhalations are charged with unconsumed hydro- 
carbon gases, sulphur dioxide gas, and other industrial 
fumes capable of injuring property, vegetation, and 
health. Aside from specific industrial processes which 
produce harmful dusts and fumes, the consensus of opin- 
ion is that most of the mischief attributed to general 
atmospheric pollution is fictitious and generally indirect. 
The objection is considered to be largely economic. 

Dust may affect health in two ways; (a) by inhala- 
tion and (b) by obliteration of the sun’s rays. Although 
these facts are well recognized, there is no proof that 
the effect of dust in ordinary air is sufficient to cause 
demonstrable injury to health. The effects may be slow, 
cumulative, and insidious in their manifestations, but for 
the time being direct evidence is lacking. 


Dust-borne bacteria are sometimes held responsible 
for the transmission of disease microbes through the 
medium of air, but the epidemiological evidence weighs 
on the negative side. Bacteria of the pathogenic variety 
were found to constitute but a very small proportion of 
the total dust-borne bacteria (17). The non-pathogenic 
bacteria in air are, in general, considered harmless, but 
it is not known whether the constant inhalation of these 
organisms may eventually produce harmful effects. 


Carbon Monoxide 


Another prevalent contamination of air is automobile 
exhaust gases. The most important of these is carbon 
monoxide. During heavy traffic hours, the air of con- 
gested streets and boulevards is found to contain enough 
carbon monoxide to menace the health of those exposed 
over a period of several hours, particularly if their 
activities call for deep and rapid breathing. Under ordi- 
nary conditions, however, the concentration of carbon 
monoxide in city air is believed to be insufficient to 
affect the average city dweller or pedestrian. Stevens 
(18), on the other hand, finds that infants and young 
children are peculiarly susceptible to small but repeated 
amounts of carbon monoxide gas in the air they breathe. 
His studies seem to disprove the long accepted theory 
that carbon monoxide is not a cumulative poison, and 
they suggest the desirability of guarding infants and 
young children from unnecessary exposure to such atmo- 
spheres, either in the home or in congested city streets. 
As far as the domestic hazard from carbon monoxide 
is concerned, the flueless gas heating stove is mainly 
responsible (19). Gas heaters should be provided with 
flues, to carry off all combustion products. 


In the light of our meager knowledge of the effects 
of atmospheric pollution on health, it is fair to say 
that any conspicuous air pollution constitutes a lia- 
bility to property and health, and that steps should 
be taken to reduce the pollution toa minimum. This 
would require the concerted efforts of the fuel engi- 
neer, the public health officer, and the public itself. 


(To be concluded in the next issue) 
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HE NEW boiler plant recently installed at the 

plant of the Mason Regulator Company in Boston 

is of peculiar interest because it has been ingen 
iously designed for a double purpose. In addition to 
making provision for heating and process steam, it has 
been necessary to supply high pressure steam for the 
testing and development of various pressure regulating 
devices. With this installation, steam at a normal pres- 
sure of 150 Ib. is supplied to all lines centering in the 
boiler house, except that when desired 400-lb. steam 
can be delivered to the high pressure testing laboratory 


Arrangement of Reducing Valves 


How this is accomplished is shown in Fig. 1, which 
shows, schematically, the layout of piping and valves. 
Thus, at normal 150-lb. operation, valves A and A’ are 
opened and valves B and B’ are closed. Under these 
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conditions 150-Ib. steam goes into all parts of the piping 
system throughout the plant for testing, processing, heat- 
ing, feed water heating and preheating of the oil used 
for the oil burner under the boiler. Process steam lines 
are taken from the 150-Ib. pressure mains through re- 
ducing valves introduced at points where steam at lower 
pressures is required. Unit heaters are supplied with 
steam through one reducing valve serving the whole 
group. The feed water heater and oil preheater are 
served through reducing valves in parallel at 150 lb. to 
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used for the 150-lb. working pressure. A suitable suc- 
tion tank has been provided for these inspirators and it 
has been equipped with a 1% in. cold water feeder with 
float and lever attachment in order to maintain, auto- 
matically, the proper water level. 

The return tank is furnished with a l-in. balanced 
valve to serve as the water feeder. It is operated by an 
automatic ball and float attachment in the tank which 
maintains the predetermined water level. 

The feed water heater is a standard 4-tube heater con- 
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30 Ib. and the office heating line has reducing valves at 
the office building for providing pressure suitable for 
the radiators. 

At times when the high pressure testing laboratory re- 
quires 400-lb. steam, valves A and A’ are closed and B 
and B’ are opened. This permits the high pressure 
steam to flow direct to the laboratory but, by means of 
a 400-Ib. to 150-lb. reducing valve placed between B and 

}”, 150-Ib. steam, as before, is supplied to the remainder 
of the system. 


Equipment Used 


With this lay-out and its purposes in mind it will be 
interesting to see what equipment has been used. A 
93-hp. sectional type water tube boiler suitable for 
400-Ib. working pressure and arranged for oil burners 
has been used. The trimmings and accessories consist of : 

1 water column with high and low water alarm, gage and 

gage cocks, operated by chains from the boile1 room floor. 


1—12 in. steam gage. 

2—1% in. pop safety valves. 

1—2 in. extra heavy, heavy feed flanged stop valve. 

1—2 in. extra heavy check valve. 

1—2'% in. extra heavy blow-off valve. 

1—4 in. tube cleaner with a metal hose to operate on 75 Ib. 
city water 

3 side dusting doors with frames installed in the settings. 

3 cleaning doors with frames installed in the settings. 

1 brick lined furnace door for the setting, as well as baffle 


tiles to provide for three passes of the hot gases of com- 
bustion over the boiler tubes, together with the steel 
supporting columns and stays for the boiler. 


Boiler Feed and Accessories 

The boiler feed pump consists of a 6 in. X 3 in. & 
6 in. duplex bronze fitted pump with a maximum dis- 
charge pressure in excess of 400 Ib. and a capacity of 14 
g.p.m. It is equipped with a pump governor and water 
feed valves. In addition to the feed pump, there are 
two inspirators for emergency service. One of these is 
for use with the 400-lb. ‘working pressure and has a 
capacity of 1250 gallons per hour. The other is to be 


CLosep AND B anv B’ Are Open So THAT 

400-Ls. Pressure Is SuppLiep THE LINE TO 

THE Laporatory, But Is Repucep to 150- 
Ls. FoR THE REST OF THE SYSTEM 


taining 50 sq. ft. of copper tube heating surface, the 
tubes and water section being suitable for 400-Ib. work- 
ing pressure. 


By-pass for Feed Water Heater 


A by-pass connection has been provided for the feed 
water heater and inspirators (see Fig. 3) which has been 
so valved that the pump can be made to discharge either 
through or around the heater. The inspirators can de- 
liver the feed water direct from the tank served by city 
water. As previously stated, the inspirators have valves 
whereby it is possible to use either the one for 400-Ib. 
steam pressure or that for 150-lb. independently. Two 
l-in. relief valves have been installed, one on the feed 
water heater and one on the discharge from the 150-lb. 
inspirator which are set for 400 Ib. and 175 Ib., respec- 
tively, to provide protection. 


The Oil Burner and Its Control 


An oil burner especially adapted to variable load con- 
ditions has been selected. It is controlled automatically 
by a diaphragm-operated mercury switch, which is actu- 
ated by drop in boiler pressure below the normal of 150 
lb., for which it is set. This switch, in turn, governs 
the operation of a control motor on the oil feed valves. 

A 5000-gal. oil tank is buried in the yard outside of 
the building. There is an electric immersion-type pre- 
heater and a steam preheater for the oil. When start- 
ing up the cold boiler the oil is electrically preheated, 
but when the steam reaches the proper pressure the 
steam preheater is cut in and the electrical preheater 
cut out. 

In starting up the cold plant it is necessary first of 
all to open the main stack damper, which at the same 
time automatically operates a switch to cut in the elec- 
trical current. The electric oil preheater is then thrown 
on by hand through a tumbler switch until the oil reaches 
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The burner is then started 
and with the pipe lines closed 
off to the system, pressure is 
permitted to build up in the 
boiler to 125 lb. At that time 
steam is turned on to the sys- 
tem, which includes the steam 
oil heater. The electrical 
heater is then manually cut 
out by the tumbler switch on that unit. 

Oil is supplied from the tank to the two burners by 
means of two heavy duty oil pumps direct connected to 
1 hp., 3 phase, 60 cycle, 220 volt induction motors. 








Piping Materials 


The piping for an installation being an important 
part of the job as much from the standpoint of expense 
as from operation, it will be of interest to see what mate- 
rials have been used. For cold water, piping is standard 
galvanized with cast iron screwed fittings and brass gate 
and check valves. Brass pipe is used for the inspirator 
suction lines and the overflow from the inspirator tank. 

The inspirator and boiler feed pump discharge lines 
are designed for working pressures in excess of 400 Ib. 
Consequently extra heavy steel pipe, cast steel fittings, 
and forged and cast steel globe and check valves suitable 
for such pressure have been used. Valves 2-in. and 
larger are flanged with outside screw and yoke; and on 
smaller lines the valves have forged steel flanges or 
steel unions with monel metal seats and ground joints. 

Wrought iron pipe is used for exhaust steam from 
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the boiler feed pump, the vapor pipe from the return 
tank, the vents from the return mains and the safety 
valve and boiler blow-off piping. The safety valve pip- 
ing has extra heavy screwed fittings. The two 1%-in. 
pop valves on the boiler and the 2%-in. safety valve on 
the 150-lb. steam header are piped to a 4-in. blow-off 
line with provision for a future boiler. The blow-off 
piping is of 2%4-in. extra heavy wrought iron with extra 
heavy cast iron screwed fittings. A 400-lb. blow-off 
valve has been installed. The blow-off line also has a 
2¥4-in. outlet for a future boiler. 

All of the piping connected directly to the boiler and 
carrying boiler pressure must of course be suitable for 
the higher, or 400-Ib. pressure, used. For this reason it 
is of extra heavy steel pipe with welded steel joints 
wherever possible and otherwise with forged steel fit- 
tings and flanges back welded to the pipe ends. 

The angle and check valves in these lines are of 
forged steel construction depending on their size, loca- 
tion and service. Two of the main valves have chain 
and sprocket control from the floor. Details of the high 
pressure steam piping are shown in Figs. 1 and 2. 
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An interesting feature is the parallel ar- 
rangement of two reducing valves of different 
sizes in the main 150-lb. steam line serving 
the whole plant. The smaller is for the sum- 
mer load when the unit heaters are not in 
operation and the larger for the heavy winter 
load. The large valve is set for a slightly 
lower pressure on the low pressure side so 
that when the demand for steam increases 
beyond the capacity of the small reducing valve 
it opens automatically. 


PARALLEL ARRANGEMENT 
oF REDUCING VALVES, 
ONE FOR THE SUMMER 
Loap WHEN THE UNIT 
Heaters Are Not IN 
OPERATION, AND ONE FOR 
THE Heavy WINTER 
Loap 











THREE OF THE ARTICLES TO APPEAR IN THE DECEMBER ISSUE 


D. D. Kimball will describe 
the development of a college 
power plant in next month's 


HEATING, PIPING AND 
AIR CONDITIONING. 
How a surplus of exhaust 
steam was utilized in order to 
prevent wastage and exces- 
sive fuel consumption is told 
in detail and the growth of 
the plant which serves Berea 
college and which was given 
a rating of the highest class 
for installation and operation 
by engineers of the U. S. 
Fuel Administration in 1918 
is discussed. 


—and numerous others. 


In a special press room of a 
printing plant the air condi- 
tioning equipment is used 
intermittently at full capacity 
in order to effect economies. 
In his paper to appear in the 
December number, Charles S. 
Leopold points out the rea- 
sons for the intermittent ope- 
ration of air conditioning sys- 
tems, discusses their proper 
control and presents test data 
and results for this typical 
industrial installation. 


Oil in exhaust steam used for 
heating or process forms a 
film on heat transfer surfaces 
and cuts down the amount of 
heat transmitted materially. In 
order to insure the efficiency 
of such equipment it is neces- 
sary that the prime mover and 
auxiliaries be lubricated by a 
correct oil applied in the 
proper manner. Next month, 
R. P. Tobin's article tells the 
“why and “‘how.”’ 


The index for 1931 will also be published. 
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Dritt Hatt Area Is LarGeE ENouGH To Permit A BATTALION OF CAVALRY TO 





MANEUVER 


Eight Gas-Fired Units Heat 
Large Armory 


HAT is said to be the larg- 

est gas-fired unit heating 

job in the world is that in 
the armory of the 124th field artil- 
lery in Chicago, shown in Fig. 1. 
This structure—outstanding in military as well as in 
architectural circles—is of steel and stone construc- 
tion. The drill hall is 224 by 336 ft. and has a cubical 
content of 5,750,000 cu. ft. More than half of the 
drill hall area is used for the arena, in which the maneu- 
vering of a complete cavalry batallion is possible; 5,000 
spectators can be seated in balconies on the east and west 
sides of the drill arena. 

There are two glass sky-lights, each 36 & 330 ft. on 
each side of the center of the building. Along each 
side of the balcony are windows with a total glass area 
of 864 sq. ft. There are rooms under the balcony which 
are heated by gas steam radiators, but heating for the 
comfort of the spectators in the balcony is the part that 
required the greater amount of study on the part of the 
engineers and contractors. 


Eight Unit Heaters Used 


For this purpose, eight gas-fired unit heaters of the 
cast iron sectional type are used. Each of the four end 
units has an output capacity of 800,000 Btu. The in- 
termediate units deliver 700,000 Btu each. Eac:: unit 
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is enclosed in an insulated casing 
and arranged for 
travel through the heater; the flue 
travel within the 
tions is upward, promoting efficiency. 

Air delivery is effected by a blower for each unit, de 
livering 14,500 and 12,700 c.f.m., respectively, to the 
end and intermediate units. The blowers are driven by 
direct connected motors, each being controlled from a 


downward air 


heater sec- 


gas 


switch panel on the balcony floor. 

The fuel control is so arranged that the gas is ex- 
tinguished when the air temperature within the heater 
casing reaches 110 F. This prevents over heating dam- 
age due to the operation of the heater without the 
blower, and of special importance, prevents abnormal 
outlet temperatures where excessive bouyancy is undesir- 
able. 

The units are fixed in the truss space in the alternate 
bays 64 ft. apart and 46 ft. above the arena floor as 
shown in Fig. 2. A 6-in. gas main runs on each side of 
the balcony in the truss area with a 2-in. branch to each 
unit. Each blower is mounted on the same structure 
with its heating unit. 


Recirculation Ducts Installed 


To provide adequate distribution of air, recirculation 
ducts were installed drawing air from sixteen grilles in 
the face of the arena walls. These are 48 in. long by 
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18 in. deep and are located 10 ft. above the floor and 16 
ft. apart. The recirculated air is brought back to the 
fan, forced through the gas-fired unit heaters, each of 
which discharges the heated air through three supply 
ducts arranged with volume and deflecting dampers so 
as to deliver the heated air directly over the space oc- 
cupied by the spectators, as shown in Fig. 3. 


Products of Combustion 


The products of combustion are carried away through 
copper molybdenum alloy flues. Since no draft tension 
is required or desired for gas fuel, high stacks are not 
necessary. In this case the flue gases are released at 
but a few feet above the roof; the vents are not visible 
from the street. The connection of each heater section, 
having its own individual burner, pilot and vent, to the 
flue header, is through individual 4-in. back draft di- 
verters. The header is pitched to drain condensed flue 
products which are in turn diverted to the sewer. 


Calculating the Requirements 


Little data were available with reference to a gas 
heating job of this size and character; for this reason 
it is believed that the manner in which the calculations 
were made and the results secured will be of interest to 
engineers generally. In computing the heat require- 
ments for those sections of the building to be heated, no 
direct recognition was given to the vast space over the 
drill arena proper, nor to the roof exposure over this 
space. To the computed heat loss of the balcony areas, 
20 per cent was added arbitrarily for diffusion losses to 
the arena space. Subsequent performance has shown 
this to be more than the actual excess requirements. 

Floor space for heaters or blowers was not available 
under any circumstances. The problem resolved itself 
into removing air from the bottom of the balconies in 
sufficient quantities to more than neutralize the buoyancy 
of the heated air above. Low outlet temperatures and 
correspondingly large volumes are used. From smoke 
tests it has been found that diffusion is effected evenly. 
The real work of temperature distribution is done by the 
recirculating grilles located just beneath the lowest bal- 
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Fic. 3—Eacu Unit Discuarces THE HEATED AIR THROUGH 
THREE Supp_ty Ducts 


cony level, ten feet above the arena floor line. With a 
65 F required balcony temperature and a 35 F rise 
through the heaters, the outlet temperature is 100 F. 
With definitely known unit capacities, the correct air 
volumes were determined. 

The plant has operated through one heating season 
very satisfactorily. It possesses flexibility for intermit- 
tent heat. Fifteen minutes after the valve is turned any 
or all the units are operating at capacity. Fuel is used 
only for that part of the balcony to be heated and only 
for the period requiring heat. 

Operating cost has been found to be low and is com- 
parable with coal fired steam. Structural economies were 
also effected. 

Confining heated air within limits in unconfined spaces 
and, as in the case of the roof and the extraordinary sky- 
light exposures, preventing condensation and minimiz- 
ing the heat losses by diverting the heating medium 
(air) away from these exposures are the outstanding 
accomplishments of this installation. 








Fic. 2—Tue Units Are FIXep IN THE TRUSS SPACE IN THE ALTERNATE Bays 

















‘Open for Discussion” 





Recent Article on Bourdon Tube 
Gages Discussed 


WO of our staff, including the writer, have read 
the most interesting article on gages.’ We give 


below our critical comments, which are offered in 
the helpful spirit. 

(2) Under “Commercial Types of Gages’’ is listed 
the various sizes made. There are several sizes in this 
list which this company does not make; also, we manu- 
facture 4-in., 5%-in., and 8-in., which are not listed. We 
believe these latter sizes are common to other manu- 
facturers also. Standard dial finish with us is dull silver 
rather than dull white. Hydraulic gages are furnished 
with %4-in. hydraulic pipe threads. 

(3) Under “Selecting the Proper Size of Gage” it 
is stated that the larger the dial size the easier it is to 
read and greater accuracy can be obtained. Instead of 
greater accuracy, it would be preferable to say that closer 
readings can be obtained. To state greater accuracy can 
be obtained should apply only to high pressure instru- 
ments which can be furnished more accurately in larger 
cases because larger springs may be used. 

(4) Under “Selecting the Style of Gage,” it is stated 
that where the cost must be kept to the minimum, iron 
case gages will often be found the lowest in price; we 
believe that iron case gages are universally cheaper. 


(5) 


Under “Vacuum and Compound Gages”—the 


* Sales engineer, The Foxboro Company, Foxboro, Mass. 
*“*How to Install and Care for Gages of the Bourdon Tube Type,” 
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By Jj. O. Tragard* 


last paragraph—it is implied that steel springs are not 
used except for pressures of 1,000 lb. and over. Asa 
matter of fact, many gage manufacturers have stand- 
ardized on steel springs at 600 Ib. and up and at least one 
has standardized on them down to all ranges above 400 
lb., furnishing them on order as low as 0-60 Ib. 

(6) Under “Double Spring Gages” mention might 
be made of single tube gages which have a shortened 
tube to allow self-draining and thereby prevent freezing. 
One model also has a hardened steel movement for ap- 
plications where extreme vibration or pulsation is pres 
ent. Use of a hardened steel movement keeps the weight 
of the movement at a minimum, reducing friction and 
inaccuracy. 

(7) Under “How Heat of Steam Affects Gages,” it is 
stated that a gage tube should not be exposed to a tem- 
perature exceeding 150 F. 
peratures as high as 300 F are sold, with the joints either 
welded or silver soldered. They will resist melting to 
a higher temperature. 

(8) Under “Correcting Gage for Water Column,” 
the article more or less encourages gage users to re 
move the indicating pointer from a gage to correct for 
water column. Usually, gage purchasers are not equipped 
to recalibrate the gage correctly after taking off the 
pointer. It often happens too, that the mechanic does 
not properly restake the pointer and consequent inac 
curacy ensues. There are, of course, large users who 
understand the gage construction perfectly and who are 


Steel spring gages for tem 
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equipped to perform this operation. In further refer- 
ence to this same paragraph, a screw on the pointer is 
referred to; this is known as a micrometer screw. The 
adjustment on this is, however, highly limited—generally 
to about 1 per cent of the total scale in either direction. 

(9) Under “Danger of Over Pressure,” the last 
paragraph, the use of a maximum hand on pressure gages 
is referred to. It has been the writer’s experience that 
this maximum hand either creates a drag on the pointer, 
if fastened too tightly, or else bounces above the max- 
imum pressure reached, if fastened too lightly. 


Author of Article Replies 


The kind criticism of my article is appreciated; it is a 
pleasure to note the interest shown. In writing the 
article, no. attempt was made to refer to one manufac- 
turer, but to make it general as possible. As a further 
caution, Navy Department specifications were referred 
to with the thought of obtaining representative stand- 
ards. They, too, found difficulty in making their specifi- 
cations standard for all makes as indicated by the follow- 
ing from their foreword. “No pretension is made that 
the specifications are perfect, but they are offered as pro- 
viding for gages conforming to present engineering and 
manufacturing practice.” 

Referring to paragraph 2 above, gage dial sizes can 
be obtained in dimensions ranging from 1% to 16 in. in 
diameter. Those mentioned in my article are those 
thought to be more or less standardized by usage. Gages 
with a range in pressure of 1,000 Ib. are generally classed 
as hydraulic and furnished with %-in. pipe thread con- 
nections. 

A correct phrasing of words and interpretation is 
made for “Selecting the Proper Size of Gage,” in para- 
graph 3. It is also true that iron case gages are uni- 
versally cheaper, as noted in paragraph 4. 

Steel bourdon tube springs (paragraph 5) can be 
fabricated for any pressures but mention was made and 
intended for general standards. Manufacturers have 
used various metals in the construction of gage bourdon 
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tubing since Bourdon of France invented and manu- 
factured pressure and vacuum gages before 1850. The 
fundamental principle is still the same and is used by 
every gage manufacturer. 

One manufacturer furnishes a gage with a special 
steel bourdon tube and special steel movement, so as to 
give the gage life and accuracy. Other manufacturers 
are using a similar construction with a movement made 
of an alloy. These movements are usually intended for 
service that is particularly heavy. 


Whether a gage is made of bronze, steel or a special 
alloy, the writer believes that if used on steam at any 
pressure a siphon to keep live steam from the bourdon 
tube should be installed. Metal will lose its resiliency— 
if only slightly—with the application of temperature and 
time. On oil refining processes operating at pressures 
of 200 Ib. and temperatures of 900 F, cooling legs are 
often provided to protect the gage. 





Referring to paragraph 8, if a method of removing a 
pointer with two screw drivers as shown in Fig. 1 were 
advocated, this would be wrong. However, the writer 
feels that the maintenance departments of many plants 
are capable of taking off the indicating pointer with a 
hand jack or puller, and replacing it. Information of 
this kind is valuable to the engineer in an isolated plant. 

It is true that some types of maximum pointer in- 
dicating hands create a considerable drag on the in- 
dicating pointer. Other types are so aranged that they 
will move with practically little friction and will remain 
in place. Some hydraulic press manufacturers have 
special maximum indicating pointers hidden inside of 
the gages furnished on their hydraulic presses. 

An interesting case is recalled where this device saved 
the day for one concern. A certain purchaser of a press 
operated it on over-pressure most of the time. This 
was kept up until the press went to pieces, causing dam- 
age amounting to several thousand dollars. The owner 
sued the manufacturer, who suspected over-pressure, 
had the gage brought in court, and opened up. The in- 
side pointer indicated a pressure far beyond the pres- 
sure designated for that press. 

The subject of gages is an old one, but there is little 
published material. Gages have often been “taken for 
granted” but careful study of their operation and ap- 
plications is a mighty important matter to the en- 
gineer.—John A. Masek. 














Heating-Piping 


and Air Conditioning 








im : 
















JOURNA 
¥ 





NOVEMBER 


American Society of Heatin 
and Ventilating Engineers 


L, SECTION 




















EL 







Material in this Section prepared by Publication Committee: W. A. Rowe. Chairman; 


E. O. Eastwood, and F. D. Mensing 


Table of Conlents 


Corrosion in 


Hall and A. 


Some Fundamental Considerations of 
Steam and Condensate Lines, by R. E. 


EE cae cavcda s sph as ow AeE ase mavan sauce tans 943 
Importance of Radiation in Heat Transfer Through 
ee ee, ee, Te SO casa cksesiearedacee meen 960 


Output of Heating Units at Various Temperatures, by 
ay PUREE 4 weak de Wann putea banney en eee base boule uke 966 


OFFICERS AND COUNCIL 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
51 Madison Ave., New York, N. Y. 


RP ere ee ren rere W. H. Carrier 
First Vice-President .....ccccccccccces F, B. Row.ey 
Second Vice-President .........0+0000+ W. T. Jongs 


CoUNCIL 
F, B. Rowtey, 
Vice-Chairman 


W. H. Carrier, 
Chairman 


One Year 
E. B. LANGENBERG L. A. HarDING G. L. Larson 
F. C. McIntTosH W. A. Rowr 


Two Years 
R. H. CARPENTER 
Joun Howatt 
Three Years 
E. O. Eastwoop 
E. Hott Gurney 


D. S. Boypen J. D. Casseti 


E. K. CAMPBELL RoswE_t FARNHAM 


COMMITTEES OF THE COUNCIL 


Executive: F. B. Rowtey, Chairman 

D. S. BoypEn J. D. Casseti 
Finance: F. C. McIntosu, Chairman 

Joun Howatr W. T. Jones 

Membership: Roswett Farnuam, Chairman 

R. H. CARPENTER E. B. LANGENBERG 
Publication: W. A. Rowe, Chairman 

E. O. Eastwoop F. D. MENsING 


Apvisory CouNcIL 


!.. A. Harding, Chairman; Homer Addams, F. Paul Anderson, 
R. P. Bolton, S. E. Dibble, W. H. Driscoll, H. P. Gant, John F. 
Hale, H. M. Hart, E. Vernon Hill, J. D. Hoffman, S. A. Jellett, 
UL. D. Kimball, S. R. Lewis, Thornton Lewis, J. I. Lyle, J. R. 
McColl, D. M Quay, C. L. Riley, F. R. Still and A. C. Willard. 


CooPERATING COMMITTEES 
A. S. H. V. E. representative on National Research Council: 
Prof. A. C. Willard (3 years). 
S. H. V. E. representatives cooperating with A. S. M. E. 
Pure Air Committee: Philip Drinker, (representative) 


and H. C. Murphy, (alternate). 

A. S. H. V. E. representatives cooperating with Committee of 
Ten (Coal and Heating Industries): J. H. Walker, (rep- 
resentative) and R. V. Frost, (alternate). 


941 





1931 
A. V. Hutchinson, Manager of Publications 
ae ES eer a aan eee .974 
i I” i a Vien aeean 975 
I EF a hae eae aee 976 
Candidates for Committee on Research...... seeeees 977 
Cleveland Prepares for Meeting and Exposition...... 978 
LUE MORE TUOMONES 5 co ciccicabedteveadwecnceesabecsc 980 
Candidates for Membership .......ccccssccscccvccccns 982 
SE EN EE EE 982 
1931 
 ERAEFEPTECOOCCC CTR CTT Tr TT F, D. MENSING 
PRUED wo decesecdcccenssesens A. V. HutcHINsoNn 
Techical Secretary... .cccccssccescces Paut D. CLose 


SPECIAL COMMITTEES 

Committee on Meetings Program: G. L. Larson, Chairman; J. J. 
Aeberly and L. A. Harding. 

Guide Publication Committee: D. S. Boyden, Chairman; W. L. 
Fleisher, H. S. Haley, S. R. Lewis and L. T. M. Ralston. 

Committee on Code for Testing and Rating Steam Unit Heaters: 
D. E. French, Chairman; O. K. Dyer, G. E, Otis, W. A. 
Rowe, L. C. Soule, J. H. Schrock and H. W. Page. 

Committee on Code for Testing and Rat.ng Concealed Gravity 
Type Radiation: R. N. Trane, Chairman; E. H. Beling, 
John Holton, Hugo Hutzel, A. P. Kratz, J. F. McIntire, 
M. G. Steele, and O. G. Wendel. 

Committee on Code for Testing and Rating Unit Ventilators: 
John Howatt, Chairman; C. P. Bridges, S. E. Dibble, 
Warren Ewald, L. D. Harnett, G. E. Otis, R. C. Ott. 

Committee on Increase of Membership: C. W. Farrar, Chair- 
man; E. K, Campbell and E. H. Gurney. 

Committee on Natural Ventilation: }. E. Emswiler, Chairman 
W. C. Randall and A. Vogel. 

Committee on Rating and Testing Low Pressure Heating Boilers: 

Frost, Chairman; H. M. Hart, F. C. Houghten, If 
F. Hutzel and Raymond Newcomb. 

Committee on Revision of Constitution and By-Laws: Thorntcr 
Lewis, Chairman; W. T. Jones and F. R. Still. 

Committee on Chapter Relations: R. H. Carpenter, Chairman; 
E. K. Campbell and Roswell Farnham. 

Commitiee on Ventilation Standards: W. H. Driscoll, Chairman; 
J. J. Aeberly, F. Paul Anderson, D. D. Kimball, J. R. 
McColl, C. L. Riley, W. A. Rowe and A. C. Willard. 


NoMINATING COMMITTEE FOR 1931 


Chapters Representative Alternate 
Cleveland H. M. Nobis 
Illinois H. M. Hart E. P. Heckel 
Kansas City N. W. Downes J. M. Arthur 
Massachusetts David Moulton 
Michigan J. F. McIntire J. R. McColl 
Minnesota M. S. Wunderlich 
New York Russell Donnelly R, A. Wolff 
Western New York F. H. Burke Joseph Davis 
Ontario H, J. Church 
Pacific Northwest E, O. Eastwood W. E. Beggs 
Philadelphia R. C. Bolsinger A. C. Edgar 
Pittsburgh F. C. McIntosh F, A. Gunther 
St. Louis 4 C. A. Pickett i L. DeNeille 
Southern California E. C. Evans . L. Gifford 
Wisconsin E. A. Jones Ernest Szekely 





942 Heating - Ptping 





Conditioning 
Journal ZY Section 


COMMITTEE ON RESEARCH 


November, 1931 


C. V. Haynes, Chairman 


F. B. Howe.t, Vice-Chairman 


Pror. A. C. Witiarp, Technical Adviser 


F. C. Houcuten, Director 


O. P. Hoop, Ex-Officio Member 
One Year 


O. W. ArRMSPACH, 


R. S. Frank in, 


F. E. Gresecke, 


A. P. Kratz, A. E. Stacey 


Two Years 


W. T. Jones, 
F, N. Speccer, Perry West 


C. V. Haynes, 


J. F. McIntme  C. A. Boorn, 


Three Years 
F. B. Howe tt, 
F, B. Rowrey, J. H. WALKER 


Water Kir 


Executive Committee 
C. V. Haynes, Chairman 


J. F. McIntire, 


W. T. Jones 





TECHNICAL Apvisorny COMMITTEES - 1931-1932 


Air Conditions and Their Relation to Living Comfort: C. P. 
Yaglou, Chairman; O. W. Armspach, W. L. Fleisher, Dr. 
E. V. Hill, Dr. R. R. Sayers. 

Air Flow Through Registers and Grilles: John Howatt, Chair- 
man; J. J. Aeberly, C. A. Booth, L. E. Davies, D. E. 
French and J. J. Haines. 

Atmospheric Dust and Air Cleaning Devices (Including Dust 
and Smoke): H. C. Murphy, Chairman; Albert ——. 
Philip Drinker, Dr. E. V. Hill, H. B. Meller and Dr. 
S. W. Wynne. 

Correlating Thermal Research: R. M. Conner, Chairman; D. S. 
Boyden, P. D. Close, J. C. Fitts, W. T. Jones, H. T. Rich- 
ardson, and Perry West. 

Devices for Handling Condensation and Air: E. K. Lanning, 
Chairman; W. E. Barnes, C. A. Dunham, I. C. Jennings, 
F, J. Linsenmeyer, J. C. Matchett, A. W. Moulder, E. J. 
Ritchie, W. K. Simpson, H. G. Thomas and R. H. Thomas. 

Heat Transmission (Heat received by and emitted by buildings, 
in relation to living comfort): L. A. Harding, Chairman; 


R. E. Backstrom, F. B. Rowley, A. E. Stacey and J. H. 
Walker 


Infiltration in Buildings: G. L. Larson, Chairman; J. E. Ems- 
wiler, F. E. Giesecke, W. C. Randall, W. A. Rowe, J. G. 
Shodron, Ernest Szekely and M. S. Wunderlich. 

Oil and Gas Burning Devices: L. E. Seeley, Chairman; R. M. 
Conner, P. E. Fansler, R. S. Franklin, R. V. Frost, R. C. 
Morgan and H. F. Tapp. 

Pipe and Tubing (Sizes) Carrying Low Pressure Steam or Hot 
Water: S. R. Lewis, Chairman; J. C. Fitts, F. E. Giesecke, 
H. M. Hart, C. A. Hill, A. P. Kratz and W. K. Simpson. 

Radiation—Direct and Indirect: John Holton, Chairman; R. M. 
Conner, R. E. Daley, R. V. Frost, F. E. Giesecke, H. F. 
Hutzel, A. P. Kratz, J. F. McIntire, W. T. Miller and 
R. N. Trane. 

Sound in Relation to Heating and Ventilation: F. B. Rowley, 
Chairman; Carl Ashley, Warren Ewald, R. F. Norris 
and G. T. Stanton. 

Ventilation of Garages and Bus Terminals: E. K. Campbell, 
Chairman; D. S. Boyden, H. P. Gant, W. T. Jones and 
W. C. Randall. 





CLEVELAND 


Headquarters, Cleveland 
Meets: Second Friday in Month 
President, W. E. STARK 
1875 Rosemont Rd. 


Secretary, R. G. Davis 
400—The Ninth—Vincent Bldg. 


ILLINOIS 


Headquarters, Chicago 
Meets: Second Monday in Month 
President, A. G. SUTCLIFFE 
4146 N. St. Louis Ave. 
Secretary, C. W. DeLanp 
211 N. Desplaines St. 


KANSAS CITY 


Headquarters, Kansas City, Mo. 
Meets: Second Monday in Month 
President, J. M. ARTHUR 
1330 Grand Ave. 
Secretary, D, D. Zink 
1423 Baltimore Ave. 


MASSACHUSETTS 


Headquarters, Boston 
Meets: First Monday in Month 
President, Davip MOULTON 
99 Chauncey St. 
Secretary, Lestre CLoucu 
80 Boylston St. 


MICHIGAN 


Headquarters, Detroit 
Meets: First Monday after the 
10th of the Month 
President, G. H. G1iGuERe 
13002 Greiner Ave. 
Secretary, G. D. WINANS 
2000 Second Ave, 


OFFICERS OF 
LOCAL CHAPTERS 
1931-32 


MINNESOTA 
Headquarters, Minneapolis 
Meets: Second Monday in Month 
President, H. E. Gerrisu 
808 LaSalle St. 
Secretary, A. B. ALGREN 
3049 10th Ave., So. 
NEW YORK 
Headquarters, New York 
Meets: Third Monday in Month 
President, RussELL DoNNELLY 
Graybar Bldg. 
Secretary, W. A. Swain 
80 White St. 
WESTERN NEW YORK 
Headquarters, Buffalo 
Meets: Second Monday in Month 
President, JosepH Davis 


85 Warren Ave. 
Kenmore, N. Y. 


Secretary, J. J. LANDERS 
303 Crosby Bldg. 
ONTARIO 
Headquarters, Toronto, Can. 
Meets: First Monday Every Other Month 
President, H. S. Moore 
23 River St. 
Secretary, H. R. Rota 
1104 Bay St. 
PACIFIC NORTHWEST 
Headquarters, Seattle, Wash. 
Meets: Second Thursday in Month 
President, W. E. Beccs 
3639 Palatine Ave. 
Secretary, M. ANDERSON 
2467 Westmont Way 


PHILADELPHIA 


Headquarters, Philadelphia 
Meets: Second Thursday in Month 
President, E. N. SANBERN 
1520 Locust St. 
Secretary, W. P. CuLBert 
2019 Rittenhouse St. 


PITTSBURGH 


Headquarters, Pittsburgh 
Meets: First Monday in Month 
President, F. C. HouGHTEN 
4800 Forbes St. 
Secretary, J. L. BLracksHaw 
3752 Beechwood Blvd. 


ST. LOUIS 


Headquarters, St. Louis 
Meets: First Wednesday in Month 
President, R. M. RosEsRouGH 
4246 Forest Park Blvd. 
Secretary, C. R. Davis 
2328 Locust St. 


SOUTHERN CALIFORNIA 


Headquarters, Los Angeles 
Meets: First Tuesday after the 
10th of the Month 
President, O. W. Orr 
1100 Washington Bldg. 
Secretary, H. B. KEerine 
305 Union Insurance Bldg. 


WISCONSIN 


Headquarters, Milwaukee 
Meets: Third Monday in Month 
President, J. G. SHopron 
411 E. Milwaukee Ave. 
Ft. Atkinson, Wis. 


Secretary, H. F. Haupt 
170 Beaumont Ave. 











Some Fundamental Considerations 


of Corrosion in Steam and 
Condensate Lines 


By R. E. Hall, Pittsburgh, Pa., and A. R. Mumford,? New York, N. Y. 
NON-MEMBERS 


HIS paper presents the results of an extensive 

investigation, covering a period of one year, into 

the factors influencing corrosion in steam systems. 
The investigation includes a study of the raw water and 
the production, the distribution, and the utilization of 
steam, with reference to heating systems and appliances 
only. Data are presented in full showing the extent 
and constitution of deposits in the heating systems of a 
large office building and a large hotel in New York City. 
These deposits were found to originate from the action 
of corrosion and were found to contain little or no evi- 
dence of carryover from the boilers. The cause of the 
excessive corrosion was found to be the inleakage of air 
into the vacuum return system. The amounts of oxygen 
and carbon dioxide associated with the steam are shown 
to be of insignificant importance as corrosive agents by 
the application of the Law of Henry and Dalton. The 
cause of corrosion trouble in heating systems can, there- 
fore, be sought in the operation and, to a small extent, 
in the design of the systems and not in the quality of 
steam used if that quality equals that encountered in 
these studies. 


Solvent Action of Water in the Steam Heating Cycle 


Water is universally a solvent of the substances with 
which it contacts. Some substances, such as sugar, dis- 
solve readily in water. Others, such as limestone, dis- 
solve far less readily but nevertheless are dissolved by 
water. Since one of the purposes of this paper is to 
specify available means of defense against deleterious 
effects of the solvent action of water, attention will be 
directed first to certain laws of solubility and to certain 
mechanisms of reactions, a knowledge of which is 
requisite for the sagacious construction of adequate de- 
fense against these effects. 

A compound substance may dissolve without chem- 
ical reaction with the water or with chemical reaction, 
Neglecting such chemical actions as are characterized by 
the acquisition or loss of so-called water of crystalliza- 
tion, most compounds dissolve in water without chem- 
ical reaction. The process of dissolution in such cases 
is characterized by a physical division of the crystals into 
molecules which disperse themselves through the water. 
Such compounds are further subdivided in solution by 
the breaking up of molecules into parts called ions. This 
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process is called dissociation and each compound dis- 
sociates to a definite degree which is specific for that 
compound and which varies from a value of zero to one 
of almost one hundred per cent for different compounds 
in saturated solutions. The degree of dissociation for 
a particular compound is called the dissociation constant 
and this numerical value is the product of the equivalent 
concentrations of the two or more ions formed. If a 
substance enters into chemical reaction with water (other 
than actions involving water of crystallization) the re- 
action is between ions and the solution of the substance 
involves chemical changes which cannot be reversed 
under practical conditions whereas the physical changes 
in dissolution of the first class can be reversed by 
evaporating the water. 


Solution of Ordinary Crystalline Compounds 


When a small amount of sugar or salt is added to 
water the sugar or salt disappears more or less rapidly 
depending upon the amount of stirring. If the addition 
of sugar or salt is continued the water eventually be- 
comes saturated and in this condition no further visible 
solution of the material will take place. However, al- 
though the total quantity of sugar or salt molecules in 
solution has become constant, the personnel is constantly 
changing because some molecules are continuously dis- 
solving and an equal number of others are just as rapidly 
returning to the visible crystals. 

The quantity of any substance which will dissolve in a 
given quantity of water is a measure of the specific 
solubility of the substance. The specific solubility of each 
substance is not only different from that of all other 
substances but the solubility of each changes in a dif- 
ferent degree with the temperature of the water. Some 
substances become more soluble as the temperature rises 
while others become less soluble under like conditions. 
The action of each individual substance, when placed in 
contact with water, must be studied to learn the prop- 
erties of the substance and no predictions of solubility 
can be made without such studies. 


Dissociation of Water 


Pure water contains not only molecules of water 
(H20) but separated parts of these molecules called 
ions (H*, and OH~-). In pure water the amounts of 
hydrogen ion (/7/*) and hydroxyl ion (OH-) are equally 
small and, as was the case in a saturated solution, new 
molecules are continually splitting up at a rate equal 
to that at which hydrogen ions are combining with 
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hydroxyl ions. This condition of equilibrium is repre- 
sented by the equation. 

Water === Hydrogen ion + Hydroxyl ion. 

Under conditions of equilibrium the product of the 
equivalent concentrations of hydrogen-ion and hydroxyl- 
ion is a constant. This constant is represented by the 
following equation for conditions at room temperature. 

(H+) x (OH-) =1 xX 10-* 

The importance of this dissociation constant cannot 
be over-estimated in any study of corrosion. Any in- 
crease in the concentration of either ion must cause a 
decrease in the concentration of the other ion if the 
product is to remain constant. Consequently, if, for 
any reason, it is desirable to reduce the concentration 
of hydrogen ion such reduction can be readily accom- 
plished by increasing the concentration of hydroxyl ion. 


For convenience a number representing the logarithm 
of the reciprocal of the hydrogen-ion concentration is 
used to define the relation of (H+) and (OH~) in 
any solution. This number is called the pH value. A 
pH value greater than 7 means that the solution con- 
tains more (OH~) than (H+) and is therefore alka- 
line, whereas a pH value less than 7 means that the solu- 
tion contains more (H+) than (OH~—) and is there- 
fore acid. 


Solution of Metals 


Because iron is the material of which most pipe is 
made, the mechanism of its solution in water will be dis- 
cussed first. When iron is placed in water, it replaces 
some of the hydrogen ion, and goes into solution. In 
this process the hydrogen-ion concentration is reduced 
and more water ionizes to make up the deficiency. Be- 
cause for each additional molecule of water which be- 
comes ionized an additional hydroxyl is formed, the 
hydroxyl-ion concentration is continuously increasing 
during this process and because the product of the con- 
centrations of (H+) and (OH~) must be a constant, 
a point is reached at which the concentration of hydrogen 
ion is so small that iron is no longer able to replace 
it and the solvent action of water on iron ceases. The 
chemical change involved in the solution of iron has, 
for one of its products ferrous hydroxide (Fe (OH )s) 
a soluble salt of iron. This compound ionizes to such an 
extent that the PH value of a solution of ferrous hy- 
droxide is 9.6 and at this pH value an effect similar to 
back pressure prevents the formation of more ionic iron 
and thus prevents the solution of metallic iron. Whether 
ferrous salt is in solution or not, if the pH value is 9.6, 
because of the presence of sufficient hydroxyl ion, metal- 
lic iron cannot dissolve. 


If, instead of permitting the dissolution of iron to 
build up the hydroxyl-ion concentration by using up the 
hydrogen ion, we increase the concentration of hydroxyl 
ion by adding caustic soda until the pH value of the 
solution is 9.6, we attain the same result, namely, pre- 
vention of the solution of iron. 


If, on the other hand, we increase the concentration 
of hydrogen ion by adding sulphuric acid, and thus re- 
plenish the supply perhaps many times faster than the 
solution of iron would normally use it up, we increase 
both the rate of reaction and the quantity of iron which 
dissolves. Solution of the iron will continue until the 





F Conditior*~+ November, 1931 


concentration of the hydrogen is so small that the iron is 
no longer able to effect replacement. 


The solvent action of water on a metal is a function 
of the hydrogen ion concentration of the water, and 
the power of the metal to replace hydrogen ion. The 
power of each metal to replace hydrogen ion in water 
differs from that of all other metals and the metals are 
usually listed in the order of the power. Of the com- 
mon metals, copper, nickel, tin and lead have less power 
and aluminum and zinc have a greater power than iron 
to replace the hydrogen ion in water. The rapidity 
with which each metal replaces the hydrogen ion in water 
can be varied by placing in contact with the metal another 
metal with a more or less widely different power. The 
net difference in power, of the two contacting metals, 
expressed in volts is the force leading to the dissolution 
of the metal with the greater power and the arrange- 
ment is an electrolytic cell. 

If instead of a different metal, an alloy of the prin- 
cipal metal is used the same action, although to a lesser 
degree, takes place. Such alloys or impurities are intro- 
duced in manufacturing but, during the past years, 
manufacturers have successfully reduced the danger of 
failure ascribable to the local segregations or inclusions 
of foreign material in their product by adjusting the 
process to assure uniformity of composition. 

Mechanical strain introduced by working the metal 
is sufficient to set up an electrolytic cell at such points 
as nipple threads and bends and thus accelerate the nor- 
mal rate of corrosion. The basic reaction is the same 
in all cases and the inhomogenity or strain is superim- 
posed as an accelerant. 

The apparent contradiction between the excess power 
of aluminum and zinc to replace hydrogen ion and the 
use of these metals in exposed conditions in preference 
to iron is answered by the presence of protective films. 
Both zinc and aluminum are protected by a thin film of 
oxide which segregates the metal from any contact with 
water and this film, if broken by a scratch or otherwise, 
is usually rebuilt by the corrosion process itself. If such 
a protective film, which constitutes the main defense 
against all corrosion of all types, is not rebuilt, cor- 
rosion occurs. 

Iron has not the property of building a protective 
impermeable film on its exposed surface, except possibly 
in a solution having the correct pH value. A film of 
iron oxide is permeable both to gas and water and con- 
sequently offers no protection to the metal underneath. 
Iron in any form is the same and its power to replace 
hydrogen ion from water is nearly enough equal in all 
forms so that any differences in rates of dissolution 
ascribable to its form are of minor and not major im- 
portance. Unless aided by the establishment and main- 
tenance of the requisite pH value in the contacting 
water no one of the forms is more or less able to pro- 
tect itself by the formation of an impermeable pro- 
tective coating. If, under like circumstances, real dif- 
ferences in the rates of corrosion of the different forms 
occur, it is due to other factors than the metal. Thick- 
ness of metal, in one form, results in a longer life under 
some conditions and adventitious protective coverings or 
inclusions may increase the service life. The effect of 


such coverings is excellent if they are everywhere inter- 
posed between the metal and the water but they are not 
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rebuilt by the corrosive action and once the water passes 
them corrosion will proceed until the next covering layer 
is reached. Because such protection is adventitious and 
not of orderly planning its effectiveness can only be 
estimated by the average of many observations and does 
not lend itself to prediction for any specific case. It 
can be concluded, therefore, that the service conditions 
are the dominant factors in determining the service life 
of iron or steel and that differences of internal conditions 
are merely subsidiary to the main factors. 

Of the common metals, lead, zinc, tin, nickel, alumi- 
num and chromium have the property of interposing an 
impermeable layer of the metallic oxide between the 
metal and water. This layer is self-built and constitutes 
the principal reason for the resistance to corrosion. If 
such metals are successfully alloyed with iron the film 
forming property is retained in the alloy and, if the 
content of the film rebuilding metals is sufficient, the 
iron itself is protected from the solvent action of water. 
The film forming property is of major importance and 
overshadows such differences as may exist in power to 
replace the hydrogen ion in water. To alloy with iron a 
metal of less power to replace hydrogen ion, which metal 
does not have the film forming property, is usually not 
sufficient to make service conditions a minor factor in 
service life. Alloy steels which have properties of a 
nature to render them dominant over the service condi- 
tions to which they are subjected are not usually eco- 
nomical enough for pipe service. 

The magnitude of the solvent action of pure water 
alone on metal is small, but other factors which we will 
consider, accelerate the solvent action, and multiply and 
magnify the deleterious results so that they become 
major considerations in the economical operation of the 
system. 

It is necessary in any study of the resistance of various 
metals to corrosive action to emphasize service condi- 
tions as the major factor in operating life. The ad- 
ventitious character of many of the differences in re- 
sistance to corrosion makes it very risky to predict per- 
formance unless the basis of the prediction is the history 
of service life in a large number of installations under 
like conditions. 


Gases of the Atmosphere: Law of Henry and Dalton 
Oxygen 


Of the many gases in the atmosphere only oxygen and 
carbon dioxide will be considered because the others are 
of negligible importance to the solvent action of water 
on iron. 

Oxygen gas dissolves in water when molecules of the 
gas penetrate the surface of the liquid and finally become 
distributed throughout its depth. Temporarily those 
layers of water near the surface will contain more 
oxygen molecules per unit volume than lower layers but 
the motion of the molecules will gradually disperse them 
through the liquid volume and, indeed, some of them 
will escape from the liquid at its surface and reenter the 
gaseous phase. When equilibrium is established the 
number of molecules of oxygen leaving the surface of 
the water is the same as the number entering the water 
from the gaseous phase and the water is saturated. 

Obviously the number of molecules of oxygen enter- 
ing the water depends on the number of such molecules 
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in the gaseous phase and therefore the number of mole- 
cules of oxygen in solution will depend on the same 
factor. A reduction in the number of molecules of oxy- 
gen in the gaseous phase may be obtained by reducing 
the total gas pressure or by diluting the oxygen with 
some other gas such as nitrogen keeping the total gas 
pressure constant. 


Partial Pressure 

If a gas is diluted with another gas and the total 
pressure is kept the same, that part of the pressure due 
to the presence of the original gas is reduced by the 
partial pressure of the diluent gas. Thus in the at- 
mosphere the total pressure is about 15 lb per square inch 
and this pressure is made up principally of the partial 
pressures of oxygen, nitrogen and carbon dioxide. The 
partial pressure of each constituent is in proportion to 
the ratio of the volume of each constituent to the total 
volume. In the case of the atmosphere, which is 21 per 
cent oxygen, 0.03 per cent carbon dioxide and the rest 
several inert gases, the partial pressure of oxygen is 
3.15 lb per square inch and of carbon dioxide 0.045 Ib 
per square inch, 

Law of Henry and Dalton 

From these considerations, it follows that the concen- 
tration of a gas such as oxygen dissolved in a liquid 
such as water is proportional to its partial pressure (or 
concentration) in the contacting gaseous phase. This 
generalization is known as the Law of Henry and Dal- 
ton, and it will be so designated in future references. 

The importance of the Law of Henry and Dalton to 
this study of steam for heating purposes is in the fact 
that it enables computation of the amount of any gas 
which can be dissolved in water or condensate when the 
partial pressure of the gas in the contacting gaseous 
phase is known. The fact that only dissolved gases can 
have any influence on corrosion emphasizes the useful- 
ness of the Law of Henry and Dalton. In the design of 
apparatus for the removal of dissolved gases from water, 
the Law of Henry and Dalton has been used as the guid- 
ing principle and such apparatus endeavors to reduce 
the partial pressure of the dissolved gases in the gaseous 
phase to as low a value as is practicable. 

The specific solubilities of oxygen and carbon dioxide 
differ. Water at 60 F in contact with pure oxygen at 
15 lb per square inch pressure is saturated when it has 
dissolved 34 milli-liters of oxygen per liter of water; in 
contact with pure carbon dioxide at the same pressure, 
water dissolves 1000 milli-liters of CO, per liter of 
water. In contact with air, under like conditions, 0.21 
34 = 7.1 ml/liter of oxygen dissolves at saturation, and 
0.0003 « 1000 = 0.3 ml/liter of carbon dioxide. 

The rate of solution to a point of saturation depends 
on the surface of water exposed to the gas and the dis- 
tance the dissolved molecules of the gas must travel to 
produce homogenity of distribution. The greater the 
surface the greater the area exposed to impingement by 
the gas molecules and the shallower the vessel the shorter 
the distance each dissolved molecule must travel. Con- 


versely the rate of degasification of water depends on 
exactly the same factors as well as the partial pressure 
of the gas in the contacting gaseous phase. 

The specific solubility of a gas changes with tempera- 
ture but the law of proportionality of solubility in the 
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liquid to partial pressure of the gas holds true regardless 
of changing specific solubility values. At 212 F and a 
partial pressure of oxygen of 15 lb per square inch, the 
solubility of oxygen is 17 ml/liter ; but if the partial pres- 
sure of oxygen is 1.5 lb the solubility at this temperature 
is only 1.7 ml/liter. Regardless of specific solubility 
values, the solubility of a gas is zero if its partial pres- 
sure in the gaseous phase in contact with the liquid is 
zero. 


Taste 1—So.uBiLity OF THE OXYGEN OF THE AIR IN WATER 


When Partial Pressure of Water Vapor + Partial Pressure of Air = 











14.696 Ib 
So.usiity 
VaPoR PARTIAL 
TEMPERATURE Pressure PREessuRE Pure Oxycen | Oxycen or Air 
(Dee Fanr) ov WaTER or Air ML./L 21% O2 ML./L 
(LB PER SQ IN.) | (LB PER 8Q IN.) (32 F, 14.696 (32 F, 14.696 
LB PER 8Q IN.) LB PER 8Q IN.) 
32 0.0887 14.607 48.89 10.20 
40 0.1217 14.574 43.50 9.05 
50 0.1780 14.518 38.02 7.9 
60 0.2561 14.440 33.8 7.0 
70 0.3628 14.333 30.5 6.2 
80 0. 5067 14.189 27.5 5.6 
90 0.6980 13.998 25.4 5.1 
100 0.9487 13.747 23.1 4.65 
110 1.274 13.422 22.2 4.27 
120 1.692 13.004 21.0 3.9 
130 2.221 12.475 20.0 3.6 
140 2.887 11.809 19.46 3.25 
150 3.716 10.980 18.50 2.9 
160 4.739 9.957 18.00 2.6 
170 5.990 8.706 17.60 2.2 
180 7.510 7.186 17.50 1.8 
190 9.336 5. 360 17.40 1.3 
200 11.525 3.171 17.15 0.78 
210 14.123 0.573 17.05 0.15 
212 14. 696 0.000 17.00 0.00 

















Carbon Dioxide 

Carbon dioxide in steam or condensate in general fol- 
lows the same rules that govern solubility of oxygen. 
The carbon dioxide content in any water may be present 
as dissolved carbon dioxide (COz2), as bicarbonate rad- 
ical (H/CO3)~— and as carbonate radical (CO3)— — asso- 
ciated with a positive metallic radical. Since the bi- 
carbonate radical readily decomposes to form dissolved 
and finally gaseous carbon dioxide (CO), it is fre- 
quently referred to as carbon dioxide in the half-bound 
condition. 


Bicarbonate Formation 
It is pertinent at this point to discuss the mechanism 
of accumulation of available carbon dioxide in the raw 
water. 
When carbon dioxide dissolves in water, some of it 
reacts with water thus: 
Carbon Dioxide + Water ———> Carbonic Acid 
CO, H,O = H,CO, 
The carbon dioxide thus formed ionizes to some ex- 
tent as follows: 
Carbonic Acid ——> Hydrogen lon + Bicarbonate Ion 
1,CO, ~ H+ HCO; 
By so ionizing, it raises the hydrogen-ion concentra- 
tion of the water. As the raw water passes along its 


course, it comes in contact with limestone (CaCO 3) and 
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dissolves some of it. The limestone is relatively insol- 
uble, but the small amount dissolved ionizes thus: 





Limestone — Calcium lon and Carbonate Ion 
CaCO, ™ Ca** CO, - 

With carbonic acid present, the next thing to occur is 
as follows: 

Carbonate Ion and Hydrogen Ion => Bicarbonate Ion 
CO, - H+ HCO, 

Thus, since they unite to form an additional bicarbon- 
ate ion, both hydrogen ion and carbonate ion are removed 
from the water. When this has occurred, the water is 
no longer saturated either with limestone or carbonic 
acid, more of them dissolve, and so gradually the water 
accumulates a quantity of bicarbonate. Because all re- 
versible chemical reactions will continue until a state of 
equilibrium is reached when the tendency for the re- 
action to proceed in either direction is equalized, ‘the 
introduction of a secondary reaction which removes 
one or more of the products of the primary reaction up- 
sets the balance of the original equilibrium. In the case 
of limestone, the secondary reaction and the primary re- 
action must both reach equilibrium before the dissolu- 
tion of limestone ceases. In such cases as the solution 
of iron, where one product of a secondary reaction is so 
insoluble that it can no longer have any practical effect, 
the original reaction continues until one or more of the 
ingredients is used up. 

Thus solvent action along its course brings the water 
to the point of steam generation with a content of dis- 
solved material the amount and character of which re- 
flect the geographic locus of the drainage area whence it 
is derived. Table 2 illustrates this fact. Column 3 
shows that in practically all North American surface 
waters the accumulation of bicarbonate goes on. From 
Columns 1 and 2 it is seen that the bicarbonate, or avail- 
able carbon dioxide, in the Croton water is more than 
twice that in the Catskill; but by comparison with Col. 4 
it appears that Croton water has considerably less than 
half the bicarbonate in Detroit city water. 


Results of Simultaneous Solvent Action of Water 
with Atmospheric Gases on Metals 


Carbon Dioxide 

At pH values of 9.6 or greater, iron has practically 
no tendency to dissolve in water. At pH values less 
than this iron does dissolve and the tendency to dissolve 
increases as the pH value decreases. 

Hence the dissolution of carbon dioxide in water ac- 
celerates the dissolution of iron therein, because the car- 
bon dioxide on dissolving decreases the pH value of the 
water. In the same way the addition of any acid, as 
sulphuric acid, to the water, decreases the pH value 
therein and accelerates the dissolution of iron. The dis- 
sociation constants of acids vary with the acid and, in 
general, are an indication of the strength of the acid. 
Carbonic acid, formed by the solution of carbon dioxide 
in water, is a weak acid and dissociates but little in com- 
parison with the strong acid, sulphuric. Carbonic acid, 
however, dissociates to produce a greater concentration 
of hydrogen ion than water and for this reason the pH 
value is lowered by the solution of carbon dioxide and 
the dissolution of iron is accelerated. 

Although dissolved carbon dioxide has the same effect 
in accelerating the dissolution of iron, as has an acid like 
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TasLe 2—Disso_tvep SoLips IN THE CROTON AND CATSKILL 
WATER AND OTHER CHARACTERISTIC WATERS 
Parts Per MILLION 














1 2 3 4 
RELATIVE 
AVERAGE 
Composi- | Crrr 
Croton |CatskiLL| TION or 
Norra | Derrorr 
AMERICAN 
SuRFACE 
WaTERS 
Bicarbonate (HCO3)............. 36.6 | 15.9 | 67.89 | 96.5 
NS bb's 0 a das sec bwe nae 8.2] 3.2] 15.31 | 16.4 
ES 5s kode bb ae as wee 5.0 1.3 7.44 7.0 
NE 8 eee ap 0.6) 0.6 = S eee 
Ro scr flaky ec 9.0 1.0 8.60 2.8 
BR ee Rr ee ee re, ee 0.45 0.6 
SS SP ened) see 9.6| 5.2] 19.36 | 26.2 
Magnesium (Mg)................ 3.5] 0.8] 4.87 7.4 
oh oe 3.5 1.2 8.50 4.4 
A Ce 57.4 | 21.1 | 99.0 {112.3 
Available Carbon Dioxide (COz)....| 26.4 | 11.5 | 49.0 69.5 


Dissolved Unbound Carbon Diox- 














ide at saturation * at 60 F...... 0.6) 0.6) 0.6 0.6 
Dissolved Oxygen at saturation? 
REIS oo cc cia dacaicinsaproanae eae 10.0 | 10.0 | 10.0 10.0 





® Saturated in contact with the atmosphere. 


sulphuric, fortunately the quantity factor in the dissolu- 
tion by dissolved carbon dioxide is much lower than 
that of sulphuric acid. Thus, when water containing 
sulphuric acid is in contact with iron, dissolution con- 
tinues until the acid is entirely exhausted and the pH 
value has risen to 9.6. When dissolution occurs by 
reason of dissolved carbon dioxide, the pH value begins 
to rise immediately ferrous salt is present in solution, and 
the dissolving action is vastly retarded or stopped long 
before the quantity of iron dissolved is equivalent to 
the carbonic acid present. 


Thus, though the dissolved carbon dioxide sets up in 
the water the low pH value that is accelerative to dis- 
solution of the metal, there is no sustained dissolution 
thereof because the dissolving process itself supplies to 
the water the ferrous iron that increases the pH value 
and thus slows down the dissolving tendencies. It is 
axiomatic that at high concentration of carbon dioxide, 
more dissolution of iron must occur to effect this result, 
than at low concentration; and therefore corrollary that 
the concentration of carbon dioxide in the steam should 
be suitably restricted, so that any water condensed there- 
from, and dissolving carbon dioxide therefrom in accord- 
ance with the Law of Henry and Dalton, should contain 
insufficient dissolved carbon dioxide to cause any sub- 
stantial dissolution of the metal before a protective pH 
value is established in the water. 


Because of the low quantity factor of corrosion by 
dissolved carbon dioxide limitation of the quantity in 
the steam to a value of 15 to 20 ppm. or thereabouts, is 
advisable, but advantages to be gained by any further 
dimunition in carbon dioxide content are at a cost in- 
commensurate with their value. The figure 15-20 ppm. 
is mentioned as an arbitrary standard, because it is ob- 
tained without great difficulty and because experience 
and theory agree that this amount of carbon dioxide in 
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the absence of oxygen cannot be held responsible for 
corrosive effects worthy of consideration. 


Oxygen 


As iron dissolves in water, ferrous hydroxide and 
hydrogen are formed. When oxygen is simultaneously 
present, it unites with ferrous hydroxide to form ferric 
hydroxide, and with hydrogen to form water. The 
chemical reactions are as follows: 


2 Fe(OH), + 1/2 O, + H,O — 2 Fe(OH), 
H,+1/2 0,7 H,0 


Ferric hydroxide is red like ordinary iron rust and is 
very insoluble. Thus dissolved oxygen, by uniting with 
the ferrous hydroxide, and changing it to insoluble ferric 
hydroxide, removes all dissolved iron from the solution 
and hence the water is as free to attack the metal as 
though it were freshly distilled pure water. Also, dis- 
solved oxygen by uniting with the hydrogen removes it, 
and thus any presence of hydrogen does not interfere 
with the rapid further dissolution of iron. The fact 
must be emphasized that dissolved oxygen accelerates 
dissolution of iron by constantly removing the iron from 
solution, and for the same cause it sustains the dissolv- 
ing of iron. Oxygen is used up in the process, and natur- 
ally, if there is only a limited supply of oxygen in the 
water it will finally be used up, whereupon ferrous hy- 
droxide can accumulate, retard, and finally stop any 
dissolving action. But on the other hand, if the water 
is in contact with a gaseous source of oxygen, then as 
dissolution of the metal usés up the oxygen in the water, 
the gaseous supply of oxygen hastens to replenish the 
depleted supply in the water in accordance with the Law 
of Henry and Dalton. 

Under such conditions there is no limitation to the 
amount of iron that can be corroded by any given amount 
of water. The process is continuous, water acting merely 
as a contact agent to bring together the iron and oxygen. 


Carbon Dioxide and Oxygen 


Carbon dioxide accelerates dissolution of iron by de- 
creasing the pH value, and thus hastens replenishment 
of the ferrous iron removed from the water by union 
with oxygen. When the iron is thus steadily removed, 
the low pH value due to the carbon dioxide is steadily 
maintained, so that the rate of dissolution of iron re- 
mains high, and oxygen, by uniting with the iron and 
removing it from the water, is the sustaining factor of 
this high rate of dissolution. Hence, it follows that 
with both carbon dioxide and oxygen present, more rapid 
continuance of corrosion will occur than with either one 
singly ; and again, if oxygen in gaseous form is in con- 
tact with the water to replenish, in accordance with the 
Law of Henry and Dalton, any oxygen used by uniting 
with iron, then the amount of corrosion that may occur 
at this high rate is unlimited. 

Pure water, or water containing dissolved carbon diox- 
ide to a very limited extent, exercises a dissolving action 
on the metal, but in so slight a degree as to be negligible 
in the great majority of cases. However, when oxygen 
is present as a sustaining factor in this dissolution, then 
the limitation of dissolution that will occur depends en- 
tirely upon the total oxygen available to combine with 
the dissolved iron and thus sustain the reaction. 
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TABLE 3—TEMPERATURE AND OXYGEN CONTENT OF RAW AND 
Freep Water—Kirps Bay STATION 
Raw Water Freep Warer 
Date l 
1930 Temp. OxyGen Temp. OXYGEN 
(Dee Fanr) ML./LITER | (Dee Panr) ML./LITER 
12/11 | 48 8.0 170 0.7 
2/5 | 39 8.0 172 | 1.7 
12/0 | 4 |= 8.1 176 0.6 
i2/2 | 48 8.0 180 0.6 
4/8 | 10 8.0 180 1.0 
1/28 | 40 6.4 180 1.06 
2/11 39 7.0 180 1.3 
2/18 | 38 7.9 181 1.6 
6/26 | 68 8.0 182 1.0 
u/7 | 62. 7.8 186 0.5 
11/21 58 8.0 186 0.5 
6/13 60 7.9 186 0.9 
1/22 | 10 6.3 186 0.95 
8/27 76 6.1 186 1.0 
3/4 44 | 7.8 186 1.06 
11/14 58 8.0 188 0.6 
3/25 | 42 6.0 188 0.7 
6/4 | 60 | 7.9 188 1.0 
9/18 | 74 7.4 190 0.5 
4/22 | a 7.9 190 1.2 
4/1 | 42 8.1 190 1.3 
3/11 | 40 Be 192 1.0 
1/7 44 7.6 195 0.36 
8/13 | 72 7.8 | 195 0.5 
9/9 74 7.5 196 0.4 
7/3 65 7.9 198 1.0 
9/4 72 7.6 200 0.5 
2/25 40 Te 200 & 
9/10 74 7.8 202 0.6 
4/29 | 5U 8.1 206 1.0 
6/19 | 68 7.9 208 0.9 
5/6 52 8.0 210 0.7 
5/13 54 7.8 210 0.7 
4/15 46 7.1 210 1.3 





Analysis of Conditions in the Steam Generating, 
Distributing and Utilizing Systems 

Problems of the Steam-Generating System 

The steam-generating system must (1) develop steam 
sufficiently free from association with oxygen and car- 
bon dioxide to meet the requirements of the remainder of 
the system; (2) establish and maintain conditions in the 
water such that its contacts with the surfaces of the gen- 
erating system will not result in interruption of its con- 
tinuity of operation, or effect deterioration; and (3) 
prevent entrainment by the steam of boiler water or 
solids, which by deposition in valves or lines in the dis- 
tribution or utilizing systems, may cause trouble. 
Separation of Associated Gases—Oxygen 

If air-saturated water is heated in a vessel with re- 
stricted outlet, the oxygen content will decrease because 
the specific solubility decreases with rise in temperature 
and because the vapor pressure of water increases with 
temperature. As the vapor pressure of water increases 
the partial pressure of water vapor increases, and, there- 
fore, the partial pressure of oxygen in the gaseous phase 
must decrease thus automatically decreasing the solubil- 
ity of oxygen. In Fig. 1 the solubility of oxygen at in- 
creasing temperature and decreasing partial pressure, 
because of the increasing partial pressure of water vapor, 
is shown for the full range of water temperatures under 
atmospheric pressure. At 212 F the vapor pressure of 
water is equal to the atmospheric pressure so that the 
partial pressure of oxygen must be zero and, therefore 
the solubility of oxygen is zero. 

Table 3 gives values of actual tests on feed water in 
an open, vented, feed-water heater. These values are 


sometimes larger, sometimes smaller than the values 
shown in Fig. 1 for the corresponding temperature. The 
rate at which water and low pressure steam are supplied 
to such heaters varies with the demand on the heater 
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and with the supply of exhaust steam respectively. Ob- 
viously the time consumed by the water in passing 
through the heater varies and this variation is appar- 
ently sufficient to shorten, during some periods, the time 
below the minimum required by the molecules of dis- 
solved oxygen to travel to the nearest liquid surface and 
escape into the vapor phase. 


If the heater is provided with sufficient excess steam 
to maintain continuously the water temperature at 210 
to 212 F, and to vent from the proper point in the heater, 
a quantity of steam sufficient to insure a partial pressure 
of oxygen as nearly zero as may be, then the oxygen 
content of -the-effluent.water will not-exceed 0.3 mil./liter 
and perhaps less. While 0.3 ml./liter is not as low an 
oxygen content as is guaranteed with some types of 
deaerating heaters (0.025 ml./liter) it is the authors’ be- 
lief (because of the Law of Henry and Dalton) that 
this degree of removal is ample for the purposes of 
steam heating. The records of the generating system 
showing maintained heater-temperature, and of unin- 
terrupted ample venting, constitute unimpeachable evi- 
dence as to the oxygen content of the steam it is fur- 
nishing. 

Solution of the problem of oxygen-removal whether 
at the heater in the generating system, or in the utiliz- 
ing system where inleakage of air is occurring, rests 
upon the fundamental factors of providing the very 
minimum of partial pressure of oxygen in gases making 
contact with the water, and providing a very short path 
for the dissolved oxygen molecules to the contacting 
surfaces. Practice must recognize the second, or time 
factor, although theory holds the first factor sufficient 
in itself for the removal of oxygen. The partial pres- 
sure factor at the heater is controlled by adequate supply 
of steam and venting; the time factor is controlled by 
spraying the water, or by passing it over trays in thin 
layers, to provide a short path of escape for the dissolved 
oxygen molecules. In the utilizing division there is only 
crude control of the partial-pressure factor and no con- 
trol of the time factor. A pump may intermittently 
control the partial pressure of oxygen in the utilizing 
system but the rate at which oxygen is absorbed by the 
condensate when the steam is condensed far exceeds the 
rate at which oxygen is liberated by the main stream of 
condensate even though the partial pressure of oxygen 
in the contacting vapor phase is reduced. 


Separation of Associated Gases—Carbon Dioxide 


In the district steam plant and in the industrial plant 
with a large per cent of make-up, it is usually uneco- 
nomical to evaporate and effectively degasify all raw- 
water make-up in order to eliminate completely carbon 
dioxide. The slightly more complete exclusion of carbon 
dioxide by this process than by judiciously chosen treat- 
ment offers no particular advantages commensurate with 
the cost. It should be noted that the percentage of raw 
discriminately treated New York City make-up water 
has too little effect on the carbon dioxide content of the 
steam made therefrom to place the steam at any disadvan- 
tage for heating purposes as compared with steam made 
from water containing an equivalent amount of heating 
returns. 

In waters which contain as much or more bicarbonate 
than that shown by Detroit city water the available car- 
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bon dioxide content can usually be considerably reduced 
by pretreatment with lime and soda. In such cases, the 
authors believe that lime-soda pretreatment represents 
the most economical solution for decreasing the available 
carbon dioxide, as well as to best prepare the water for 
boiler feed water. There is, however, only a slight gain 
to be realized by pretreatment of Croton water with lime 
and soda because the available carbon dioxide is reduced 
by reactions at the heater without pretreatment almost 
as much as it would be by pretreatment. The available 
carbon dioxide in the Catskill water is too low naturally 
to be improved by treatment. 


No decrease of available carbon dioxide occurs with 
pretreatment by zeolite alone. The zeolite mineral ef- 
fectively removes the calcium and magnesium from the 
water but does not remove the bicarbonate. Excessive 
quantities of bicarbonate in the feed water result in, 
among other things, excessive carbon dioxide in the 
steam and therefore subsidiary lime treatment and acid 
treatment, or the latter alone, are required together with 
all the accompanying niceties of control that distinguish 
acid treatment wherever used, when a bicarbonate water 
is treated with zeolite. 

TasBLe 4—Disso_tvep SoLtips IN THE CROTON AND CATSKILL 
WatTeER AND OTHER CHARACTERISTIC WateRS AFTER Lime-Sopa 
or ZEOLITE TREATMENT 
Parts PER MILLION 



































Ret. 
AVERAGE Cirr 
Croton CaTSKILL Cour. N.A. or 
Surrace Detroit 
WaTERs 
Liwe-| Zeo- | Lime | Zeo- | Liwe-| Zeo- | Liwe| Zxo- 
Sopa | ute | Sopa | urre | Sopa | ure | Sopa | Lite 
Hydroxide (OH).....| 1.7] 0.0) 1.7) 0.0) 1.7) 0.0) 1.7) 0.0 
Carbonate (CO;)..... 18.0} 0.0} 18.0} 0.0) 18.0] 0.0) 18.0) 0.0 
Bicarbonate (HCO;)..| 0.0) 36.6} 0.0) 15.9} 0.0) 67.9] 0.0) 96.5 
Sulphate (SO,).......| 8.2) 8.2} 3.2) 3.2) 15.3) 15.3) 16.4) 16.4 
Chloride (Cl)........| 5.0] 5.0) 1.3) 1.3] 7.4) 7.4) 7.0) 7.0 
Nitrate (NO3)....... 0.6; 0.6) 0.6) 0.6) 1.2} 1.2)... “7 
Silica (Si02)......... 9.0} 9.0] 1.0) 1.0) 8.6) 8.6) 2.8) 2.8 
GPE os tan coe eo Ate Sree eh MT 
Calcium (Ca)........ 6.0} 2.0] 6.0) 2.0) 6.0) 2.0} 6.0) 2.0 
Magnesium (Mg).....| 0.8} 0.5) 0.8} 0.5) 0.8} 0.5) 0.8) 0.5 
Sodium (Na)........ 15.0} 17.9} 10.3} 5.5} 20.2) 35.0] 20.0) 45.7 
Total Solids. ........ 64.3] 61.2] 42.9) 21.9) 79.7|103.9) 73.3)122.5 
Available Carbon 
Dioxide (CO:). . 13.2} 26.4] °13.2| 11.5] 13.2| 49.0] 13.2| 69.5 

















Table 4 shows the results of treating the waters of 
Table 2 with lime-soda and with zeolite. The effect of 
the pretreatment on the bicarbonate and therefore the 
relative effect on the carbon dioxide content of the 
steam is clearly evident. 

As the temperature of a bicarbonate-containing water 
is raised, the tendency of the bicarbonate is to revert to 
the carbonate, and at the temperature of normal boiling 
reversion proceeds with considerable speed. If suffi- 
cient time were given under the conditions prevailing at 
the heater, reversion would be complete, and the only 
remaining available carbon dioxide in the water would 
be in the form of normal carbonate from which loss of 
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carbon dioxide occurs considerably less rapidly than 
from the bicarbonate. 

At the heater, therefore, and particularly under the 
conditions of maintained temperature and ample venting 
of steam, much of the bicarbonate will revert to car- 
bonate with very considerable reduction of the available 
carbon dioxide passing on to the boilers. Jackson and 
McDermet (J. Ind. Eng. Chem. Vol. 15, pp. 959-61, 
1923) have determined that by deaeration carbon di- 
oxide loosely combined as bicarbonate is removed to the 
extent of about thirty per cent. That this is the case 
with Croton water is shown by the figures of Table 5, in 
which the maximum carbon dioxide found in the steam 
was 21.9 ppm. and minimum 15.6, while the general 
figure for available carbon dioxide in the feed water was 
26.4 ppm. (Table 3, Column 1). Most of this decrease 
in available carbon dioxide is due to its separation at 
the heater; however, some small amounts separate in 
the form of economizer deposits and boiler sludge as 
illustrated by Table 6. Then again, all available carbon 
dioxide in the boiler water does not pass into the steam, 
as there is always some carbonate in the boiler water as 
illustrated by Table 7, which lists the average concentra- 
tions for the month of December, 1930, in a phosphate- 
treated boiler water from a large boiler operating at high 
ratings on Croton River water. 

Discussion of water conditioning for the specific pur- 
pose of protecting the boiler surfaces is beyond the 
scope of this report, and reference is made to papers 
directed thereon: Mumford, Combustion, Vol. 1, pp. 43- 
46, Sept. 1929; Markson, Combustion, Vol. 1, pp. 27-30, 
April 1930; Hall, Jron and Steel Engr. Vol. 6, pp. 380- 
389, (1929); Mech. Engr., Vol. 48, 317-327 (1926) ; 
Trans. A. S. M. E., Fuels and Steam Power Sec- 
tions, Vol. 50, No. 33, pp. 65-75, (1928). 


Prevention of Entrainment of Boiler Water in the Steam 


If boiler water is entrained in steam a quantity of 
dissolved or suspended matter is carried with the water 
which depends on the amount of water entrained and 
the concentration of solids in the boiler water. The 
distance from the steam generator to which such solids 
may be carried depends on the’steam velocity and on the 
frequency of impingements which have a coalescing and 
separating effect and is of interest because of its effects 
in the distributing and utilizing divisions, particularly 
the latter, because deposits therein primarily due to other 
causes may be mistakenly ascribed to such carry-over. 

In Table 8 is presented an analysis (No. 1) of sludge 
characteristic of that occurring in a phosphate-treated 
boiler water; and analyses (Nos. 2-7) of various de- 
posits taken from the mains of the distributing system. 
That all are largely or in part derived from carry-over 
of boiler water in the steam is obvious because of the 
phosphate content for which no other source is possible. 
Some of them, notably Nos. 2, 4 and 7 in particular, 
show admixture of other material with the boiler sludge, 
as shown by the very considerable amount of silica they 
contain; and others, notably Nos. 4, 5, 6 and 7, by their 
magnetic quality, and their content of iron oxide, show 
accretion of corrosion products from some source— 
probably the trap, in view of the conclusions developed 
in the discussion of Division 2. 

In Table 9 are presented analyses of several samples 


of condensate from various points in the system. Those 
from the street traps contained considerable suspended 
and dissolved solids; those taken from Building A con- 
tained but little dissolved and suspended solids, indicat- 
ing that any carry-over of boiler water in the steam is 
largely removed in the traps on the distributing mains be- 
fore the steam enters the building. In practically all 
cases, phosphate was present; and likewise iron. Fur- 
ther on, in the analyses of Table 12, will be found the 
relative quantities of iron oxide and phosphate in samples 
of deposits taken from various points in Building A. 


TABLE 5—Dussotvep GASES IN STEAM DerIveD FROM CROTON 
WATER 


South Main 

















OxyGEn Carson DioxipE pH VALUE oF 
as ML./LITER PARTS PER MILLION ConDENSATE 
April, 1930 

4 0.50 20.6 4.9 

5 45 21.9 4.7 

8 41 19.7 5.2 

9 .38 18.6 4.9 
10 . 34 18.1 4.8 
11 .46 19.8 5.0 
14 45 20.8 4.9 
15 34 18.1 5.2 
16 45 19.7 5.9 
17 41 19.7 6.0 

North Main 
August, 1930 

5 0.34 16.3 5.0 

6 .32 15.6 5.0 

7 .39 21.3 5.2 

8 .35 16.3 5.2 
12 .49 18.5 5.0 
13 .42 17.3 5.0 
15 .28 20.3 5.0 
26 .35 17.5 5.0 _ 














TABLE 6—ELIMINATION OF CARBON D10x1pE IN DEPOSITS AND 
SLupGES—ANALYSES IN PER CENT 








SLUDGE Scale No. 3 
rrom Water} WATER EcoNOMIZER 
Drum Drum Deposit 
Carbon Dioxide (CO:z)............ 4.75 14.41 14.83 
Sulphur Trioxide (SO3)........... 3.14 10.70 1.36 


Phosphorous Pentoxide (P2035). . .. 24.04 5.26 17.73 











5 cinta s piainsiea'ee s 546 39 9.74 6.70 6.54 
Ferric Oxide (Fe.03)............. 3.10 2.84 1.24 
Aluminum Oxide (Al1,03)......... meres a ad aie:s 
Caleium Oxide (CaO)............ 38.06 39.50 45.52 
Magnesium Oxide (MgO)......... 10.38 15.75 7.70 
Sodium Oxide (Na,0)............ ene 2.80 Nerd ee 
css bok awh cae es bic kia 0.45 0.65 | 0.30 
Net Ignition Loss............... 6.15 0.14; 4.80 





TABLE 7—AvERAGE COMPOSITION oF BorLER WaATER—Parts PER 
MILLION 


No. 5 Bomer—December 1930 


Sodium Hydroxide (NaOH) 260 
Sodium Carbonate (Na2CO;) 143 
Sodium Phosphate (Na;P0,) 252 
Sodium Sulphate (Na2S0O,) 1450 
Sodium Chloride (NaCl) Undetermined 
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TaBLeE 8—Borter SLupGE ANo Deposits TAKEN FROM TRAPS ON DISTRIBUTION MAINS—ANALYSES IN PER CENT 
bk Be) a Ly Lit sot SP Ae ARSE OMA ) eS 
1 2 3 4 5 6 ? 
Gate VALVE wa Sain Service 
Borer Deposit | Norra Trap T ; Trap on Six Incn 
. ‘ - RAP Trap . 
SLUDGE ist Avs. Wesr Ser. 377m St 41st St 150 La. VALVE 
No. 5 Mar Dis- 622 “yeni ae HEADER 90 La. 
E. or E. or . : 
Borer TRIBUTING Ist Ave. AND ( HEADER 
Sap Ave. Park Ave. 
LINE METER 
EB eS : * a eee ae 1.3 Trace 0.6 | 0.3 0.6 | 0.8 1.9 
a ae eee 1.6 inel uded in I gnition 1 oss 
Phosphorous Pentoxide (P:0,).................-.cececeeees 31.5 29.9 33.3 7.6 27.1 19.2 9.8 
a ho ces Gell as bo Dad ease ala anes ah op ea 4.6 12.1 7.6 32.9 8.6 11.5 16.9 
SEN UNSUINNas £45. 5 5 Lica td oes ede we Vabuiees wes \ 2 or 8.1 39.3 27.3 41.0 17.6 
y/ | 
I MINI RANEY Sc si. 0 9.0 6 Gh Oh Syke d Whe wepekes sh f 0:6 | oe 1.0 4.4 he) Se 4.0 
ee Ue tain os ha send eee dete 36.3 37.8 35.7 7.9 26.2 | 20.7 17.4 
we keer dda soece tp tadvaeeedes 17.7 13.6 13.5 ae, 5.2 .3 23.1 
A. Voccesanes ik alasashiataehagwiants serene 2.7 0.5 1.4 | 0.8 5 10 | 2.8 
NI a a eM eit o ae bats aww ere Haak oes 4.3 5.7 4.1 7.2 2:6. } 1.6 | 12.8 
non- non- non- | slightly | slightly | 
magnetic) magnetic} magnetic magnetic} magnetic} magnetic| magnetic 

















TasL_eE 8A—DeEsScRIPTION OF SAMPLES OF TABLE 8 


1. Boiler Sludge 
Tan powder, easily pulverized. Non-magnetic. 
Gate Valve Deposit, 1st Ave. Main Distributing Line 
White deposit readily pulverized to impalpable powder. 
magnetic. 
3. North Trap, West Set. 622 1st Ave. 
Very soft, light gray powder, non-magnetic. 
posit 40 grams. 
4. South Trap, 37th St. East of 3rd Ave. 
Dark gray, soft powder, magnetic. Amount 30 gms. 
5. South Trap, 41st St. East of Park Ave. 
Light brown powder, slightly magnetic. Amount, 10 gms. 
6. Service Trap on 150-lb Header and C Meter. 
Soft mud on sides and bottom of trap. When dry, light 
brown, slightly magnetic powder. Amount not recorded. 
7. Six-Inch Valve, 90-lb Header 
Light tan, scaly deposit on downstream side of gate. Very 
small amount, magnetic light gray, soft. Amount, about 1.5 gms. 


no 


Non- 


Amount of de- 





The high content of iron oxide and low content of phos- 
phate in these deposits is indubitable proof that their 


TABLE 9—ANALYSES OF CONDENSATE TAKEN FROM STREET MANHOLES AND TRAPS FROM BuILDING A— 


major source is not boiler-water sludge but the dissolu- 
tion of the piping system of the building itself, and its 
transformation to the red oxide by the inseepage of the 
atmospheric gases into that system. 

While everything, therefore, points to the fact that 
in this case carry-over in the steam has little or no re- 
lation to the problem of deposits beyond the street 
meter, the prevention of carry-over has been and is 
vitally necessary to the generating system for its own 
economic operation, and totally independent of its rela- 
tions to the utilizing system. The reasons need not be 
enumerated here, but are inherent in conditions in the 
generating station, and in the distributing mains. 

As the scope of this report does not permit general 
discussion of foaming and priming, reference is made to 
publications thereon. (Hall, N. E. L. A. Pub. No. 278- 
81, Journal American Water Works Association, Vol. 
21, pp. 79-100; Trans. A. S. M. E. Fuels and Steam 


Parts Per MILLION 














LocaTION Date oF SAMPLING 

Street trap, 622 Ist Ave abe: 9/8/30 
Street trap, 37th St. E. of 3rd py (orien 9/8/30 
Street trap, 41st St. E. of Park Ave..... 9/8/30 
pO ERT ee het ere Se Shortly prior to April, 
EE Pe ree F 4/1/30 
Sample by cracking valve on trap at main 

CI noe vinta tl a eas da and 4/1/30 
Body of C Meter in Bldg.............. 8/5/30 
Trap of C Meter in Bldg............... 8/8/30 
Trap of main 90-lb. header............. 8/7/30 
8-in. H.P. riser from 90-lb. header..... .. 8/6/30 
Inlet side trap at heel of 8-in. riser . 8/25/30 
Return hot water heater on 29th Seer. 

NN OEE EEO Oe ee 8/12/30 
Return hot water heater on 29th ratte 

Sc ciate 4) oss ata pra eaie eae 8/13/30 
Kitchen Uptown Club, 26th floor. Re- 

turns from Coffee Urns............. 8/15/30 
19th floor. Intermediate System....... 4/1/30 
Low pressure returns before'vacuum pump 8/25/30 














l 

Suspenpep MatTrer DissoLvep | PHosPHaTE Iron 
So.ips POs 

137? 456° present present 
419 30 present present 
9717 56 present present 

88 36 25 not recorded 
Total Solids 3 ppm. |...... none found | present 

| 
Total Solids 1.6 ppm.|........... | trace | none found 
1 7 none found | present 
1 5 none found | present 
4 12 present present 
0 3 none found | present 
1 3 present present 
1 9 present present 
35 14 present present 
1 4 present present 
Total Solids 2.6 ppm.|........... none found | none found 

0 18 none found | present 




















* Result is low because of colloidal nature of some of the suspended matter 
> Result is high because of colloidal nature of some of the suspended matter 


making it impossible to obtain perfectly clear filtrate. 
carried into filtrate. 
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Power Sections, Vol. 50, No. 33, pp. 65-75.) Discussion 
of the influence on the Kips Bay boilers of boiler-water 
alkalinities, cleanliness, or concentrations in their rela- 
tion to carry-over; or the mechanical features of boiler 
baffling, installation of separators and continuous blow- 
down, control of water levels, drainage of steam drum, 
is a matter of record in the publications of Mumford 
(Combustion, September 1929, and Trans. A. S. M. E. 
Fuels and Steam Power, Vol. 51, No. 22, pp. 363-374) 
and Markson (Combustion, April 1930). 

The problem of carry-over is receiving attention to a 
degree increasing with the capacity of the steam generat- 
ing units. The knowledge on which the solutions of 
the problem of carry-over could be based must be built 
up by the engineers responsible for the operation of these 
new generators because the changes in the generators 
have so changed the nature of the problem that knowl- 
edge based on earlier installations is not usually suffi- 
ciently profound to be applicable. Breadth of general 
experience, however, is giving brevity to the time re- 
quired for meeting any specific set of conditions. 

By maintaining maximum feed-water temperature as 
the water is heated in a well vented feed-water heater 
the generating system assures steam sufficiently free 
from association with oxygen and carbon dioxide to meet 
the requirements of the remainder of the system. By 
careful control and unceasing attention to the main- 
tenance of proper chemical relations in the boiler water, 
the generating system assures uninterrupted supply of 
steam and minimum deterioration of piping and heating 
surfaces. By development work the generating system 
is approaching the solution of the problem of carry-over 
introduced by the pressure of economic development of 
steam generating units. 


Problems of the Distributing System 


By definition the distributing system is that part of 
the system where, uninterrupted by seasonal or operative 
conditions, any leakage is from the system into the 
surrounding atmosphere except only those infrequent 
times when shut downs are made for repairs or examina- 
tions. 

Because any corrosive action occurs only after the 
steam condenses into water, it is necessary to understand 
thoroughly the character of the steam and the distribu- 
tion of its components in any condensate that forms. 
The determination of the different components is ac- 
complished with the use of the best laboratory methods 
available and in the case of oxygen is exact but in the 
cases of pH value and carbon dioxide the available 
methods do not permit the same order of accuracy as 
with oxygen. Because of the low capacity factor of pure 
water for dissolving iron oxygen can be considered as 
the capacity factor in corrosive action and the pH value 
as the velocity factor. 


The Velocity Factor—pH Value and Carbon Dioxide 


The pH value of entirely pure water is approximately 
7 when measured at room temperature. The value 
actually obtained in careful distillation of water, as for 
instance in the laboratory still, ranges from about 5.5 to 
6.5. Only by the most careful manipulation of such 


water following its condensation to provide certain re- 
moval of all gases such as carbon dioxide and sulphur 


saa sca 
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dioxide, which are acid anhydrides, will the value of 7 
be obtained (see Acree and Faweett, Loc. cit.). Thus 
the pH values of Table 11, Section 4, taken in 1928, 
show that the condensate had acquired alkalinity from 
some source, and of course, most probably by carry-over 
of alkaline boiler water in the steam. The lower pH 
values of the other data of more recent months are there- 
fore proof of lesser, if any, appreciable quantity of 
alkaline carry-over in the steam reaching the utilization 
system. 

By definition, a pH value of 7 represents neutrality, 
above 7, alkalinity, and below acidity. As noted, distilled 
water usually lies on the acid side, as indicated by the 
pH value of 5.5 to 6.5, although it should be‘remembered 
that in an unbuffered water of this sort, the correct 
determination of pH value represents no simple task, 
and an error of several tenths or even a unit may readily 
be introduced into the determination. 

The samples of Table 5, and those of Table 11 desig- 
nated steam samples were obtained by condensing the 
steam in a cooling coil, particular attention being paid 
that all gases in the steam should dissolve as condensa- 
tion occurred. The pH values of those samples range 
from a minimum of 4.7 to a maximum of 6, with a gen- 
eral average of 5.1. Excepting from Table 11, No. 2 of 
Section 1, regarding which some doubt exists; and Nos. 
9 of Section 1 and Nos. 3 and 7 (second steam sample) 
of Section 2, in which the accumulation of carbon dioxide 
following partial condensation of the steam is plainly 
in evidence, the carbon-dioxide content of these samples 
range from a minimum of 13 ppm. to a maximum of 
28.3 ppm. with a general average of 19.6 ppm. 

The samples of Table 11 designated as condensate, 
were also passed through the cooling coil, but condensa- 
tion had occurred in contact with steam as vapor phase 
and later contact had been made with the vapor phase 
present in the traps. The pH values of these samples 
(exclusive of Section 4 of Table 11) vary from 4.9 to 
6.7, with general average of 5.8; the carbon-dioxide con- 
tent varies from 0 to 22.3 ppm. with a general average 
of 7.6 ppm. 

As the evaluation of these very small quantities of 
carbon dioxide is based upon the color change of an in- 
dicator, too great emphasis must not be placed on the 
numerical values. However, the content of carbon 
dioxide is markedly lower in the condensate than in the 
steam samples, as it should be to be in accord with the 
Law of Henry and Dalton. The higher pH values of 
the condensate samples show that the actual condensate 
which contacts the surfaces is of more desirable char- 
acteristics in this regard than would be considered the 
case if conclusions were based on the steam samples, as 
is frequently done. 

The boiler water at Kips Bay is always maintained 
alkaline, and hence there is no possibility that acid 
anhydride other than carbon dioxide will be associated 
with its steam. This is the condition that obtains very 
generally in all steam derived from carefully conditioned 
boiler water. In the consideration, therefore, of any cor- 
rosive effects arising from pH value below neutrality, 
(for instance, 5.1 for condensed steam and 5.8 for con- 
densate) and unassisted by any quantity factor, the dis- 
cussion may be limited to the development due to car- 
bon dioxide. 
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dependent in turn upon the amount of dissolved COs, 
it is necessary to find ‘how much carbon dioxide can 
dissolve in condensate contacting the steam under con- 
sideration which contains 19.6 ppin. of carbon dioxide. 


Carbon dioxide obeys the Law of Henry and Dalton 
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Conditions at the Internal Surfaces 


Any corrosive action by the steam occurs only after 
its condensation into water. Since the rate factor of 
dissolution is dependent on the pH value of such con- 
densate and since any pH value decrease below 7 is 
Taste 10—Sorusirity or Oxycen anp Carson Dioxipe at DirrerENtT PARTIAL PRESSURES IN THE CONDENSATE FROM 
STEAM AT THE ApsOLUTE Pressures or 165 Lp anp 14.696 Ls* 




















Oxygen 
ig, en MONIES OU ooo si sak eee edwecwan ees caebeevwake-s 165 165 14.696 14.696 
RD ER Ca Pe eo Oe hye a ee 366 366 212 212 
3. |Vol. 1 lb water as saturated steam (cu ft)... ... 0.0.6.0 0 ccc cece eens 2.748 2.748 26.82 26.82 
4. |Oxygen in sample condensed with cooling coil (ml/liter).................. 0.3 1.0 0.3 1.0 
5. |Solubility assumed at 15 lb partial pressure (ml/liter).................... 16 16 17 17 
ee ne ee cede ah oadcsccegdeeaabess 0.000043 0.000144 0.0000034) 0.0000115 
7. |Solubility in the condensate (ml/liter).......... 0.000000 cc cece ce eee 0.000046 0.000153 0.0000039} 0.000014 





— these calculations are based on approximate data, the value 15 Ib has been used as atmospheric pressure at the higher pressure used as 
an example. 


Carbon Dioxide 




















as ee US IDS do. ng Jain ccbie dsp sa dbédudwd ced bvnnes¥ot't AOS oe ae 165 14.696 
i I Se ariel ee Eg ae ake OS sated bed be eee Od Cate Wine a hawk ben 366 212 
es es ee Un I OS a icc cncceceendvacid sanedepsedt bud eddeewems 2.748 26.82 
4. {Carbon Dioxide in sample condensed with cooling coil (ppm)....... 2... 6.6... occ ec eee 19.6 19.6 
5. [Solubility assumed at 15 Ib partial pressure (ppm)..................00. ccc cece ceceeeeeeeeees 390 490 
en nO Oy ns Boa, Din haw seh oad 0 Ps hb 4 0b baeeare c dab beeeebuek 0.00147 0.90012 
a ie Si a ey wan bb Ane h'dda ee Pare bse o60esend Se oi 0.038 0.004 
Taste 10A—Ca.cuLaTions For TABLE 10 
Oxygen Sol. O, = 17 ml/1. at 212 F and 14.696 Ib O, 
1 17 < .0000034 = 0.0000039 mi/1. = .000006 ppm. 
(a) Steam Pressure—150 lb gage 14.696 





Oxygen Content—corresponding to 0.3 ml/l. in a condensed 
sample drawn through cooling coil, thus retaining all oxygen. 


At 150 lb gage pressure, 1 lb water = 2.748 cu ft saturated 
steam. : 

O,= 0.3 ml/1. = 0.42 ppm. = 0.00000042 Ib per pound water. 
At 0 deg C. and 760 mm 1 Ib O, = 317000 ml. = 11.2 cu ft. 


For 0.3 mi/1. = 0.00000042 Ib O, per pound water. 
0.00000042 1.71 = 0.00000072 cu ft. 


Partial pressure of O, at 150 lb gage pressure 
0.00000072 « 165 = 0.000043 
2.748 
At 150 lb gage pressure = 366 F = 185.6 C. 
1 lb O, = 11.2 & 273 + 185.6 K 15=1 
273 165 


Solubility of O, in water at this partial pressure — 
Assume solubility = 16 ml/1. at 185.6 C and 14.696 Ib O,,. 
16 X 0.000043 = 0.000046 ml/1. = 0.000066 ppm. 








15 
(6) O, =1.0 ml/1.= 1.4 ppm. = 0.0000014 1b O, per pound water. 


0.0000014 1.71 = 0.0000024 cu ft. 
Partial pressure: 
0.0000024 « 165 = 0.000144 Ib. 


2.748 
16 X 0.000144 = 0.000153 mi/l. = 0.00022 ppm. 


15 
walled 


(a) At 14.696 absolute pressure = 0 gage pressure 


1 lb water = 26.82 cu ft saturated vapor 

At 212 F=100 deg C and 14.696 lb pressure 

1 Ib O, = 11.2 & 373 XK 14.696 = 15.3 cu ft. 
273 14.696 

For 0.3 mi/1. = 0.00000042 Ib O, per pound water 

0.00000042 « 15.3 = 0.0000064 cu ft. 

Partial pressure at 14.696 Ib. 

0.0000064 « 14.696 = 0.0000034 Ib. 


26.82 








(b) For mi/1. of O,, solubility is 0.000014 ml/1. = .00002 ppm. 


Carbon Dioxide 


sill 


Steam Pressure—150 lb gage 

Carbon Dioxide—19.6 ppm. 

At 150 Ib gage pressure, 1 lb water = 2.748 cu ft saturated 
steam 

CO, = 19.6 ppm. = .0000196 Ib per pound water 

At 0 deg C and 760 mm. 1 Ib CO, = 231000 ml. = 82 cu ft. 
At 150 lb gage pressure = 366 F = 185.6 deg C. 

1 lb CO, = 8.2 K 273 + 185.6 & 15 = 1.25 cu ft. 


273 165 


For 19.6 ppm. = 0.0000196 Ib CO, per pound water 
0.0000196 & 125 = 0.0000245 cu ft. 


Partial pressure of CO, at 150 lb gage pressure 
0.0000245 165 = 0.00147 Ib. 


2.748 
Solubility of CO, in water at this partial pressure— 
Assume sol. CO, = 390 ppm. at 185.6 deg C and 14.696 Ib 
CO, 
390 « 0.00147 = 0.038 ppm. 


15 
a 


At 14.696 Ib abs. pressure = 0 gage pressure 

1 lb water = 26.82 cu ft sat. vapor. 

At 212 F = 100 deg C and 14.696 Ib pressure 
1 lb CO, = 8.2 & 373 & 14.696 = 11.2 cu ft. 


273 14.696 
For 19.6 ppm. CO, = 0.0000196 Ib per pound water 
0.0000196 11.2 = 0.00022 cu ft 
Partial pressure at 14.496 Ib 
0.00022 * 14.696 = 0.00012 Ib 


26.82 


Sol. CO, = 490 ppm. at 212 F and 14.696 Ib CO, 
490 * 0.00012 = 0.004 ppm. 


-_— 


14.696 
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under the conditions obtaining in the steam lines. Since 
the solubility of carbon dioxide is known (approxi- 
mately) for the partial pressure of 14.696 Ib (or one 
atmosphere) over a considerable temperature range, 
the amount of carbon dioxide in solution in condensate 
formed from and in contact with steam at any chosen 
pressure can be calculated, if the concentration of carbon 
dioxide in the steam is known. For example, assume 
that the laboratory test on a sample obtained by con- 
densing steam of 165 Ib absolute or 150 lb operating 
pressure in a cooling spiral gives the result of 19.6 ppm. 
of carbon dioxide. With each pound of steam, there- 
fore, there is associated 0.0000196 lb of carbon dioxide. 
The volume of 1 Ib of carbon dioxide at 366 F which 
corresponds to the operating pressure of 165 lb absolute 
is 1.25 cu ft. The volume of 0.0000196 Ib of carbon 
dioxide for these conditions is 0.0000196 x 1.25= 
0.0000245 cu ft. The volume of 1 lb of water for the 
same conditions is 2.748 cu ft of saturated steam. Thus, 
0.0000245 cu ft of carbon dioxide is associated with 
2.748 cu ft of steam at absolute pressure of 165 Ib, hence 
the partial pressure of carbon dioxide is 


0.0000245 « 165 = 0.00147 Ib. 





2.748 


The solubility of carbon dioxide at the temperature 
of 366 F and a partial pressure of 14.696 lb is approxi- 
mately 390 ppm. Hence at partial pressure of 0.00147 
lb the solubility of carbon dioxide is 


0.00147 « 390 =0.038 ppm. 
15 


These calculations and data are summarized in Table 
10A. Calculations are also given for steam at atmo- 
spheric pressure. Thus with 19.6 ppm. of carbon dioxide 
present in the steam, any condensate in the 150-lb lines 
is saturated by 0.038 ppm. of dissolved carbon dioxide. 
In the lines with steam at atmospheric pressure, satura- 
tion of condensate occurs at 0.004 ppm. At intermediate 
pressures, the saturation values are intermediate of these 
values. The question of points at which the steam is 
stagnant and condensing, is considered in the discussion 
of oxygen. 

The conclusion is obvious and is supported and em- 
phasized by the data on condensate samples in Table 11. 
So long as the partial pressure of the carbon dioxide 
remains of the order of magnitude noted in line 7, 
Table 10, enough dissolution of the gas will not occur 
in the condensed steam to do any damage whatsoever. 
Doubling or trebling of the carbon dioxide content used 
as example, still would leave the partial pressure in this 
range. This relationship holds throughout the entire re- 
gion of surfaces exposed uninterruptedly to the steam 
of pressure equal to atmospheric or greater. 

Thus any deductions based directly on the pH values 
and carbon dioxide content of samples condensed with 
special attention to retention of the gases are inapplicable 
to the internal surfaces as defined in the preceding para- 
graph. They are applicable only at points of condensa- 


tion, where said condensation occurs under circumstances 
akin to those surrounding the taking of samples. 
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Conditioning 
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pH Value in Absence of Oxygen 

As noied heretofore in the section on results of 
simultaneous action of water on iron and carbon dioxide, 
in the absence of the quantity factor, oxygen, the ten- 
dency of the metal to dissolution is increased by lowered 
pH value, but so long as this lowering is effected by the 
dissolved carbon dioxide, the capacity of the water for 
dissolution of the metal is small because the dissolved 
iron itself readily builds the pH value to protective pro- 
portions. It is this fact in conjunction with the small 
partial pressure of the carbon dioxide, and therefore its 
slight solubility in the condensate, which has allowed 
the degree of carbon-dioxide removal to be a somewhat 
secondary consideration. The right thing to do, of 
course, is to restrict the carbon dioxide as much as eco- 
nomically possible, in order to prevent, so far as pos- 
sible, any small dissolution, and also to avoid any danger 
of augmented rate and quantity of dissolution in case any 
concentration of oxygen is present for any reason. 


The Quantity Factor—Dissolved Oxygen 


The possibilities in deoxygenation of feed water con- 
sist of (1) use of deaerating heater, which if operating 
correctly, mechanically reduces the dissolved oxygen con- 
tent to 0.025 to 0.05 ml. per liter; (2) use of open, 
direct contact heater, with temperature maintained at 
212 F (if necessary, by means of live steam bled there- 
to) and with sufficient steam passing the vent to main- 
tain low partial pressure of oxygen in the heater, in 
which case the dissolved oxygen content is reduced to 
0.1 to 0.3 ml. per liter; (3) use of open, direct-contact 
heater, with no special precautions regarding main- 
tenance ,of temperature or venting, in which case the 
dissolved-oxygen content of the effluent water may vary 
from 0.1 ml. upward, sometimes reaching 2 or 3 ml. per 
liter; (4) use of closed heater, in which case all oxygen 
dissolved in the feed water passes to the boiler and thence 
to the steam. In (1) and (2), a further step in re- 
moval of oxygen may be made by chemical fixation 
thereof following the heater, reducing it to zero if de- 
sired. 

What degree of deoxygenation is essential for the 
production of steam that is entirely satisfactory for heat- 
ing purposes? That question must be answered by the 
possibilities of corrosion that will ensue when the steam 
condenses, since corrosion of the system is not caused 
by the. steam, but occurs only as the condensate simul- 
taneously in contact with metal and gases, especially 
oxygen, makes possible their reaction with each other in 
dissolved form. Since the solubility of the gases under 
these conditions is a function of their partial pressure 
in the gaseous phase, the answer to this question de- 
volves totally on these solubility relations. 

The authors believe that the use of a closed heater 
represents introduction of unnecessarily large amounts 
of gases into the steam, and should be avoided. On the 
basis of the analysis that follows, any of the other three 
types of heaters provides essential limitation of oxygen. 
The preference of the authors is for (1) or (2), 
since either, when operating properly, acts as a governor 
providing a limiting concentration of oxygen in the 
system, so far as the generating system is its source. 
Thus in the direct-control open heater, with ample vent- 
ing by pure steam, the oxygen in the effluent water 














November, 1931 


should be zero theoretically, but in reality will be as a 
customary maximum, 0.3 ml/liter, and on the whole 
will be less than this figure. Even this value, however, 
represents super-saturation, and once the water is vapor- 
ized, thus releasing all dissolved oxygen, any condensa- 
tion of steam that occurs will contain but an extremely 
small amount of oxygen when saturated at the original 
partial pressure of oxygen involved, and the tendency 
will be to undersaturation rather than saturation, and 
oversaturation will be an impossibility. . 

The pressure in this second division of the system 
may vary from a usual maximum of 150 lb gage to 0 Ib 
gage. At no point in the system, therefore, will there 
be tendency for the extraneous atmospheric gases to gain 
entrance into the system. Hence, definite figures can 
be obtained on the quantity of dissolved oxygen that 
can be present at saturation in any condensate that forms 
in contact with the flowing steam at these various pres- 
sures, because oxygen obeys the Law of Henry and 
Dalton, and the partial pressure of oxygen correspond- 
ing to any amount thereof present in the effluent water 
from the heater, or found by tests on condensed samples 
of the steam, is readily determined. 

In Table 10-A calculations similar to those for carbon 
dioxide are given for arriving at the amount of oxygen 
at saturation in condensate in contact with steam at 
150 Ib and O lb gage pressure respectively, and for an 
oxygen content in the steam of 0.3 and 1.0 ml/liter. In 
Table 10, line 7, are presented the saturation concentra- 
tions of oxygen under these various conditions. From 
line 6 it may be noted that the partial pressures of 
oxygen in the steam are extremely small, and hence in 
the condensate are found very small saturation values of 
less than 0.0002 ml/liter in any of the cases illustrated. 

This quantity (0.0002 ml/liter) of dissolved oxygen is 
extremely small. It means, therefore, that for all those 
internal surfaces of the system in which the partial 
pressure of oxygen in the flowing steam is uninterrupt- 
edly the controlling factor defining the quantity of dis- 
solved oxygen, the quantity factor in dissolution of the 
metal is quite negligible, even though determination of 
oxygen in the accepted manner by condensation of the 
steam should show a total of 1 or 2 or even more ml /liter. 


It would seem that one is prone to misinterpret the 
significance of this determination of total oxygen—to 
magnify in one’s thoughts some thousand fold the pos- 
sible corroding capacity of this condensate, because sub- 
consciously one assumes that the condensate in the system 
in contact with the steam is the same as the dissolved 
oxygen concentration that is found in the specially- 
taken sample for total oxygen determination. Thus far, 
the discussion has been carefully limited to flowing 
steam, and it has been pointed out that this is not the 
case since oxygen closely obeys the Law of Henry and 
Dalton. What will be true, however, where the steam 
is practically stagnant, and the condensate is discharged 
through a trap? In a radiator, for example? 

Assume 0.3 ml/liter total oxygen in the incoming 
steam, and 0 Ib gage pressure, 7. e. atmospheric pressure 
on the radiator. Condensate is discharged periodically to 
a trap, but no gases are vented from the radiator, Uni- 
formity of temperature (212 F) and of composition of 
vapor throughout the radiator is postulated. 

When final equilibrium is reached, the condensate will 


Heating -Piping 955 
and Air Conditioning 


contain 0.3 ml/liter. That amount will be its final max- 
imum, because that is just the amount of oxygen fur- 
nished by the incoming steam. 

When this occurs, the partial pressure of oxygen in 
the vapor phase in the radiator must be 0.265 Ib or in 
other words, the vapor will be 1.76 per cent oxygen by 
volume, and since the original steam contains 0.000024 
per cent, this value represents a concentration of more 
than 73000 fold. If one were to sample the vapor in 
the radiator as in the customary oxygen determination, 
taking care that no gaseous bubbles escape, it would 
be found that the oxygen concentration in the steam is 
22,000 ml/liter. 

Fig. 2 presents data on the temperatures and pressure 
in a radiator during operation. The radiator was of 20- 
in, height, 7 tubes, 20 sections, 73.33 sq ft area and 1.186 
cu ft volume. The steam temperature 7 was measured 
by a mercury thermometer at top center of radiator; 
other temperatures TC were takén with thermocouples, 
inserted in sections 8 and 19, numbered from inlet end, 
and on the right side of one facing in direction of steam 
flow; and 2 and 14, on the left side. The pressure in 
the radiator was recorded in inches of mercury. The 
thermocouples were inserted 3 in. from the bottom of 
the radiator in second tube from edge. 

The recorded steam temperature, once established, re- 
mained practically constant during the experiment, until 
the inlet and outlet valves of the radiator were closed, 
when it fell nearly uniformly with the other recorded 
temperatures. The temperatures as recorded by the 
thermocouples varied considerably at each position, and 
the temperatures of the several positions were different, 
and varied without any apparent relation to number of 
sections from inlet end. 

The pressure was nearly constant until the inlet and 
outlet valves were closed, when it rapidly fell to —1.3 in. 
mercury, then over the next 45 min gradually rose to 
atmospheric pressure. This increase of pressure is very 
significant, as it denotes the readiness with which in- 
leakage of air occurs. Had the system been tight, the 
pressure at the end, when the temperature was approx- 
imately 90 F would have been —28.5 in. of mercury 
plus whatever pressure there was from gases derived 
from the steam. The inleakage was more rapid, the 
larger the vacuum created by condensation of the steam, 
as shown by the decreasing slope of the pressure-time 
curve as atmospheric pressure was more nearly attained. 

Condensation in the radiator may be assumed to be 
4 lb per hour per square foot of heating surface. There- 
fore condensation per hour was 4 X 73.33 = 18.33 Ib. 
Since each pound of water occupies 26.82 cu ft of space 
as saturated steam at 212 F, the 18.33 lb represents 492 
cu ft of steam. Thus in the course of an hour, the con- 
densation is 492-- 1.186415 radiatorsful. In 24 
hours therefore, 9,960 radiatorfuls of steam condense. 

On the supposition that composition of vapor is uni- 
form throughout the radiator, that condensate is dis- 
charged periodically to a trap, but no gases are vented 
from the radiator—a supposition that results in higher 
partial pressure of oxygen in the radiator than actually 
exists—and that the incoming steam contains 0.3 ml/liter 
of oxygen, the oxygen concentration in the radiator at 
the close of the period is 0.23 per cent (approximately ). 

Condensate at 212 F in contact with this vapor con- 
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tains at saturation 0.23 (per cent) X 17 (ml/liter sol- 
ubility of oxygen at 212 F and partial pressure of 14.696 
lb) = 0.039 ml/liter. At the temperature of approxi- 
mately 100 F recorded by TC-14-L and TC-8-R, at 
which the solubility of oxygen is 23 ml/liter, the satura- 
tion value is 0.053 ml/liter. If the steam contained 1 
ml/liter, in place of the 0.3 ml/liter assumed in these 
calculations, the concentration of oxygen in the vapor at 
the close of a 24-hour period on the postulation of no 
loss during this period, would be approximately 0.77 per 
cent, and oxygen saturation in the condensate would be 
0.13 ml/liter at 212 F and at 100 F, 0.18 ml/liter. 

These figures are of interest because they demonstrate 
the relatively slight possible concentration of oxygen in 





4 


the radiator, if its source is the steam. The low tempera- 
ture of two of the thermocouples might of course be ex- 
plained as due to the segregation of non-condensable 
gases (oxygen, nitrogen, carbon dioxide) in certain sec- 
tions of the radiator, thus making possible a somewhat 
higher content of dissolved oxygen in the condensate 
having contact therewith. The fact that this occurs only 
in some sections, and that the temperature of condensate 
discharged at trap or sump is 140 — 170 F is proof that 
any such condition is not general nor permanent. Be- 
cause of lack of sufficient turbulence in the confines of 
the radiator, the tendency is rather to obviate any con- 
centration of gases by their removal. Thus the oper- 
ation of the thermostatic valve for discharging conden- 
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sate from the radiator is equivalent to blowdown on a 
boiler at the point of highest concentration of salts in the 
boiler water. The leak-valve on other radiators is com- 
parable to continuous blowdown on the boiler. The 
biggest element in the oxygen-history of the radiator 
confines, however, is not the oxygen derived from the 
steam during the operating periods, but the composition 
of the vapors therein during the intermittent periods 
when the steam is turned off. As shown by the curves 
of Fig. 2, the vacuum developed in the radiator when 
the steam supply was shut off, was rapidly dissipated de- 
noting ingress of air to take the place of the condensing 
steam. When the steam is again turned on, heating 
occurs first near the steam-entry, and gradually extends 
through the radiator, while meanwhile the atmospheric 
gases are driven before the steam, and discharge prac- 
tically completely through the open trap or leak-valve. 
During the off-periods, the concentration of oxygen in 
the radiator bears no relationship to the oxygen in the 
steam, but is a function of the composition of the at- 
mosphere. 

It seems certain, therefore, that the maximum con- 
centrations of oxygen in the condensate, as calculated 
above, are much higher than those that actually exist, 
and that even with a ml/liter of oxygen continuously 
present in the steam going to the radiator, the amount 
dissolved in the condensate from this source is too small 
to be of detriment to the surfaces the condensate con- 
tacts. 

It is apparent that it is not a simple matter to obtain 
a condensate containing a few tenths ml/liter of oxygen 
if the source of supply of that oxygen is steam likewise 


containing only a few tenths ml/liter. There is a pos- 
sibility that this might occur at totally dead ends, devoid 
of any periodic flow, and unvented. As for samples 
taken elsewhere, as from traps in any of the working 
parts of the system, any justification for ascribing sev- 
eral tenths ml/liter of oxygen therein to the presence of 
a similar total oxygen content in the flowing steam seems 
utterly impossible and absurd. The same considerations 
apply as well to carbon dioxide as to oxygen. 


Discussion of Data from Various Buildings 


In Table 5 are presented data on station steam in the 
distributing mains serving the buildings under considera- 
tion. Table 11 presents further data from different 
points. As an average value of oxygen in the steam as 
it leaves the distributing mains of the generating system 
to enter the lines of the utilizing system, 0.5 ml/liter is 
generously high. 

As shown in the preceding discussion, the partial pres- 
sure of oxygen in the steam, corresponding to this con- 
centration of oxygen therein, is so low that the amount 
which can dissolve in any condensate is too slight to be 
considered a serious quantity factor in any corrosive 
action. 

Discussion of returns before vacuum pumps is de- 
ferred to Division 3. At this point, however, it is per- 
tinent to discuss the high oxygen values found in samples 
taken before the trap on the return from the hot water 
tank. These may be noted in Table 11 as follows: Sect. 
1, Building A, Nos. 5 and 6; Sect. 2, Building B, No. 8; 
Sect. 4, Building D, Nos. 1 and 2. 

In Building A, steam at the 5-lb header on the 29th 


TABLE 11—OxyGEN AND CARBON DIOXIDE IN THE STEAM—SECTION 1. 


Analyses of Steam or Condensate Drawn from Different Parts of the Steam System in Building A 


(For conditions in the main steam lines on same dates, see Table 5) 




















Date OxyGEn Cannon pH 
No. 1930 Wuere TAKEN Stream on ConDENSATE m4 — Sones 
1 Sie ee a nn oh hk ka nan os bbb ae te tabbaens webu BN oy ak 6 bandit 0.39 | 20.0 5.5 
Aug. 6] Downstream side of valve 8 in. H.P. riser from 90-lb. header... .. .. SDE erage ie 0.25 8.6 5.2 
eee ML hs dha risen we auaedn 66 oe be cakes bk ewecce det Rs eg Oe ey 0.34 0.0 5.2 
3 | Aug. 7] Trap at west end of 90-Ib. header........................005.. Rs Sed xan aad 0.61 | 13.0 5.1 
4 se NS rer tad op nic acs Fou oe ONES tae Re OEeOE ee aaie Ran, wale ais we 0.39 | 18.5 5.2 
I I Gr Nn a Me vie ns veebasieeens dav bens ee 0.46 | 20.0 5.5 
5 | Aug. 12| Before trap on return from hot water tank 29th Floor............. Steam probably mixed 
with considerable con- 
Gece 3 oae sake 1.12 | 25.0 4.9 
© Fe Se a Ne nae vin ek ake a ou aa ac dew enen eas aye Sees ei vac as 0.42 | 19.5 5.1 
Outlet of hot water tank trap, 29th floor....................... Condensate.......... 1.10} 6.0 5.8 
7 | Aug. 15} Return from trap on Coffee Urn No. 3 Kitchen Uptown Club... .| Condensate.......... 0.35 | 22.3 5.1 
8 Aug. 25 | Inlet side of trap at heel of 8-in....... 2.2.22. 0 0... cee eee SS ac dices Ka 0.19 | 23.0 5.4 
Returns before VACUUM PUMP... . 2.2... ccc cece ee eens Condensate.......... 4.48 | 2.0 6.6 
9 | Aug. 26| Returns on Pressure Gage System. ......... 2.2... 00.6 0000 c cues sac sud saneet 0.7 | 39.0 5.8 
10 | April 21 
Temp. of 
Conden- 
i ee Se I a Ls ie puidhpmae Los edhe baeeees teed 0.35*| 15.2> 5.3 
11 | April 21 
Temp. of 
Conden- 
SCE: DOMME ot Koh kk rs ses > 5 dace ok 6 aehal n on elena a bebe seeded 0.26°| 16.44 5.3 











® Avg. 
> Avg. of 5 tests, varying from 13. 
© Avg. of 4 tests, varying from 0.2 
4 Avg. 


of 6 tests, varying from 0.26 
1 
i 1 to 0.34 ml/l. 

of 4 tests, varying from 15.3 to 16.4 








958 Heating Ptping 


floor contained 0.42 ml/liter of oxygen, 19.5 ppm. of 
carbon dioxide; steam before the trap on the return 
from the hot water tank contained 1.12 ml/liter of oxy- 
gen and 25 ppm. of carbon dioxide. On the other hand, 
the condensate from the outlet to the hut water tank 
trap contained 1.10 ml/liter of oxygen and 6.0 ppm. of 
carbon dioxide. The correctness of the analytical work 
in showing less carbon-dioxide content in the condensate 
is well illustrated by the pH values: When steam was 
condensed for sampling, using cooling coil, and getting 
into solution the 19.5 and 25 ppm. of carbon dioxide, 
the pH values were respectively 5,1 and 4.9; on the con- 
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densate, containing only 6.0 ppm. of carbon dioxide, the 
pH value was 5.8. 

The steam in the hot water tank showed an increase 
in concentration of oxygen over that in the steam in the 
header of 2.7 fold; the carbon dioxide increase was 1.3 
fold. This decrease in relative concentration of carbon 
dioxide leads to the suspicion that the increment of 
oxygen concentration was due in part. to inleakage of 
air in which the ratio of oxygen to carbon dioxide is 
500 : 1, whereas in the steam the ratio is 1 : 32.5. Sus- 
picion changes to certainty when the dissolved gases in 
the condensate are considered. By the widest stretch of 


Taste 11—Oxycen ANp Carson Dioxipe IN THE STEAM—SECTION 2 


Analyses of Steam or Condensate Drawn from Different Parts of the Steam System in Building B. 
































Oxyeaen | CaRBon pH 
No. Dats Wuere TAKEN Steam on CONDENSATE mi/t. | Dioxipe | VaLurs 
1930 PPM. 
1 Nov. 23 ry uns aba cins sal aae eh atpbdseobis a 0.43 | 25.9 5.1 
2 | Nov. 26 High Pressure drip from valet shop..................6.20 000565 Condensate.....:.| 0.29 5.0; 5.6 
3 | Nov. 25 Valet shop condensate at sub. meter.................60.000005. ee A 0.53 | 34.1 5.0 
4 Nov. 25 Trap-outlet of presser valet shop....................0 0000 e eee Condensate . . 0.27 3.0 5.3 
L.P. trap valet shop........ ST atalalde ddan los Kans ee Sea eRe eS Condensate below 
atmospheric press} 1.43 5.2 5.1 
5 Dec. 11 Grill room kitchen entering steam table........................ ee Sc char 0.99 | 23.9 5.0 
6 Dec. 3 Laundry—condensate from entrance to presser................. So wc x5 bide 0.75 | 22.9 5.0 
Laundry—condensate from entrance to mangle................. ree 0.49 | 24.0 5.0 
7 | Nov. 25 Laundry returns from presser before trap...................... Se re 0.58 | 28.3 4.9 
Laundry returns from mangle after trap.....................0. Condensate....... 1.50 20.1 4.9 
Laundry returns from mangle before trap........-............. EER ee 2.58-+ 52.5 4.8 
Laundry return—basement—before pre-heater.................. Condensate....... 0.20 2.1 6.0 
8 | Dee. 1 cia eos Bh bb veer serKsA mane eabhes Condensate. ...... 3.99 | 10.3 5.6 
Before trap inlet to hot water heater......................005. RP ee 1.10 15.8 5.1 
9 | Jan. 9,31 | Kitchen returns—after trap before manifold.................... Condensate....... 2.93 19.3 5.3 
ice ae rae aa > bel arene ae Condensate.......} 1.21 10.6 5.6 
10 | Jan. 9, 31 | Drip lines, H. P. risers before trap and manifold, under pressure. None 
or se na rad win h'a bh dew 360 2 9% bese ee Condensate. ...... 0.79 | found 6.7 
Same. Sampled on right side, under pressure.................. Condensate.......| 0.90 | None 6.7 
found 
Attempt to take same during vacuum period................... Condensate...... 3.40 | None 6.7 
found 
TasBLe LIA 
Notes ON TABLE 11—SeEctiIon 2 
1. Condensate E Meter. Values are average of four determi- Laundry Return from Mangle Before Trap. Impossible to 


nations in each case. 

2. High Pressure Drip from Valet Shop. Sample taken in sub- 
basement as 4th floor location was inaccessible. Values are 
average of determinations in each case. 

3. Valet Shop Condensate at Sub. Meter. Sample could not 
be taken from trap at meter. Taken direct from meter. Val- 
ues are average of. three determinations in each case. 

4. Trap—Outlet of Presser Valet Shop. Average of three de- 
terminations in each case. 
L. P. Trap, Valet Shop. 
each case. 

5. Grill Room Kitchen. Entering Steam Table. Only permis- 
sible location in Grill room. Values are average of seven 
determinations on oxygen, six each on carbon dioxide and 
pH value. 


Average of four determinations in 


6. Laundry—-Condensate from Entrance to Presser. Average 
of three determinations in each case. 
Laundry—Condensate from Entrance to Mangle. Average 


of four determinations on oxygen, and three each on carbon 
dioxide and pH value. 

Laundry Return from Presser before Trap. Average of four 
determinations in each case. 

Laundry Return from Mangle After Trap. Impossible to 
eliminate bubbles. Average of four determinations in each 


case. 


eliminate bubbles. Average of five determinations on oxygen 
and four each on carbon dioxide and pH value. 
Laundry Return—Basement—Before Preheaer. 
three determinations each. 
8. Trap—Inlet to Hot Water Heater. 
minations in each case. 
Before Trap—Inlet to Hot Water Heater. 
determinations in each case. 
9. Kitchen Returns—After Traps Before Manifold. Vacuum 
pump shut off, also line to small preheater and radiator by- 
pass. Average of two determinations in each case. 
Same. With above valves open. Water was rusty. 
of two determinations in each case. 
Drip Lines, H. P. Risers Before Trap and Manifold, Under 
Pressure, Samples on Left Side. These are. not hot water 
tank returns. NOTE: When steam is on, there is pressure 
in these lines, when steam is off, there is vacuum. This anal- 
ysis represents the pressure period. Average of two deter- 
minations in each case. 
Same. Sampled on Right Side Under Pressure. 
of two determinations in each case. 
Attempt to take same during Vacuum Period. Flow discon- 
tinuous, 4 in. mercury vacuum. One sample each for oxygen 
and carbon dioxide, two for pH value. 


Average of 


Average of six deter- 


Average of four 


Average 


10. 


Average 
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TasLeE 11—Oxycen anp Carson D1I0xIDE IN THE STEAM 
Section 3 


Building C—( Report by New York Testing Laboratories) 





Date ’ Oxyeen|Carson| pH 
No. 1930 Waere Taken ui/t. | Dioxrpe} VaLves 
PPM. 





1 About April 














Thursday ...| Incoming Steam... .| 2.0° | 18 5.5 
Friday. >....' Incoming Steam... .| 0.42*| 15 
Saturday.... Incoming Steam... .| 0.30 | 18 
Monday.... Incoming Steam... .| 0.34 
50-lb. High Pressure Line to Kitchen 
2 | Friday...... Direct Return......! Nil | 37 
Return Drip........ 0.05 5 
Saturday....| Roof Garden Kitchen 
on Pressure Side...| Nil 
Low Pressure Returns 
3 | Friday...... Pump Running.....| 4.9 | 0.5 
Saturday....| Pump Running.....} 4.1 |......]...... 
Pump Not Running.| 3.1 











© Average of three tests. 


Taste 11—Oxycen anp Carson D1IoOXIDE IN THE STEAM 
Section 4 


Building D (Hall Laboratories, Inc., Report) 


























CARBON 
No. aor Wuere TAKEN ng Diox1pe -. 
PPM. 
1 About 
January 
North Heater...... * 9 See Seer 
before trap....... A ae 
North Heater. ..... PC) aR Cae 
after trap........ Cg Sattatere eee 
2 ares ee” Sree) Sets 
before trap....... APRS beer 
South Heater....... ot 2) ee, ere 
after trap........ 4 tae 
3 St. John Meter:....| 0.5']...... 
4 ft |” ee i eee Cee 
5 Condensate Receiv- 
_ Sa Cee, emer 7.0 
6 Steam Corporation 
trap at inlet...... iieawels yosk tk. oe 
7 Hot water Boiler Trap|......|...... 7.3 
8 Laundry Trap on 
NS ie cua Swede ilocos 8.4 
9 No. 6 Heating Meter.|......|......| 7.4 





* Average of four tests varying from 0.2 to 0.7 ml /1. 


the imagination, steam containing 1.12 ml/liter of oxygen 
cannot form condensate at 140 — 170 F containing 1.10 
ml/liter. On the basis of the Law of Henry and Dal- 
ton, saturation concentration is only 0.000016 ml/liter. 
Hence immense enrichment in oxygen must have oc- 
curred in the vapor phase contacting the sample taken 
from the trap. 

Just how the condensate picks up its dissolved carbon 
dioxide is hard to explain. However, as noted hereto- 
fore, while the values of the carbon-dioxide determina- 
tions relative to each other are exact enough, the methods 
do not permit attaching too great significance to the 
absolute values. 

Thus it is quite evident that all of the water coming 
to the traps from the hot water tank cannot contain one 





or more ml/liter of dissolved oxygen, if the source of 
that oxygen is the steam itself, because there is not that 
much oxygen associated with the steam. A part of the 
water might have this much oxygen, and the rest be 
relatively free from it. This interpretation of conditions, 
however, is negated by the fact that the samples taken 
from the outlet of the hot water tank trap show an 
amount of dissolved oxygen that is higher or as high as 
that in the steam. Doubtless, therefore, this larger sup- 
ply of oxygen is obtained mainly not from the steam but 
from the inexhaustible source of the extraneous at- 
mosphere. 

Other examples that well illustrate these facts are 
found in Table 11, Section 1, Building A, No. 8; Section 
2, Building B, Nos. 3 and 4, and Nos. 6 and 7; Section 
4, Building D, Nos. 1 and 2, in which the samples before 
the trap were steam, those following the trap were con- 
densate. 

In the returns from the trap on the coffee urn No. 3 
(kitchen) of the Uptown Club, Sect. 1, Building 4, No. 
7, only 0.35 ml/liter of oxygen is present. This fact 
calls attention to one factor in these pressure lines that 
must be remembered. At times it occurs that a shut-off 
valve on one of the pressure lines is located considerably 
back of the point at which the end of the pressure system 
ends, and the vacuum system begins. When this line is 
shut off, as in intermittent operation, then that section of 
the line between the shut-off valve and the normal. be- 
ginning of the vacuum system in reality constitutes a 
part of the vacuum system .and must be so considered in 
problems of corrosion. 

In conclusion of the discussion on this division, atten- 
tion is again directed to the boundaries set for it, which 
limits it to that part of the system, whether the dis- 
tribution mains of the generating system, or the lines 
of the utilizing system, in which the steam pressure is 
always equal to or greater than the pressure of the sur- 
rounding atmosphere, and in which therefore flow of 
any leakage is from conduit into the atmosphere. There 
exists in this division no intermittency of steam pressure 
resulting from operating practices. Under these condi- 
tions, if the amount of oxygen and carbon dioxide asso- 
ciated with the steam as it leaves the generating system 
is limited to that characteristic of the effluent water from 
a direct contact vented heater pegged at 212 F, the 
partial pressure of these gases in the steam cannot pos- 
sibly be sufficient to provide a concentration of either 
gas in any water condensed from the steam to provide 
either a deleterious quantity or rate factor of corrosion 
by said condensed water. In fact, the deductions from 
the Law of Henry and Dalton concede much greater 
leeway of oxygen content in steam than this without 
indicating it as causative of detrimental corrosive condi- 
tions in the utilizing system. 





To Be Concluded 


in December. 

















Importance of Radiation in Heat 
Transfer Through Air Spaces 


By E. R. Queer', State College, Pa. 
NON-MEMBER 


by radiation, convection and conduction. It 

has been customary to regard each of these 
modes as an independent method but in this investiga- 
tion it was found impractical to separate conduction 
and convection. These two modes may be conveniently 
designated by the term diffusion. Justification for this 
is based on the following conception of heat transfer in 
an air space: 

Part of the heat is transferred by radiation in accord- 
ance with the familiar Stefan-Boltzmann law; the re- 
mainer is transferred by conduction and convection 
which are inextricably combined. Heat leaves the hot 
surface by conduction through the surface film, then it 
is carried across the air space by a diffusion process 
which is a combination of conduction and convection to 
the receiving surface where it again passes through the 
surface film by pure conduction. 

The factors affecting radiation in confined air spaces 
are the emissivity of the surfaces and their temperatures ; 
those affecting diffusion are height and width of the 
spaces and the conductivity of the enclosed fluid. This 
paper summarizes the results of a comprehensive series 
of tests carried on at the Engineering Experiment Sta- 
tion of The Pennsylvania State College in which these 
factors were varied to determine their relative effect on 
heat transmission. 

Although considerable work has been performed and 
reported upon heat transfer through air spaces, yet the 
importance of radiant heat transfer is still disregarded 
by many engineers. Additional data are herein pre- 
sented to stress the importance of radiant heat transfer, 
and factors affecting conduction and convection in thin 
air spaces. 

The electric hot plate method? was used to measure 
the thermal resistance of the air spaces tested. The hot 
plate was placed between two similar test specimens and 
the heat transmitted was absorbed by cold water plates. 

The effect of the size of air spaces was determined by 
using spaces varying in width from % in. to 1% in. and 
in height from 4% in. to 35 in. The effect of the nature 
of the surface on the radiation was determined by using 
polished aluminum and aluminum covered with lamp 
black which has an emissivity about the same as ordinary 
building materials. 

Both the hot plate and the cold plates were covered 
with aluminum foil (0.003 in. thick) cemented on with 
a thin film of raw rubber. The aluminum foil gave an 


| EAT is transmitted across confined air spaces 





1Tnstructor in Engireering Research, The Pennsylvania State College, 
State College, Pa. 

*See Bulletin No. 37, Heat Flow Meters and Thermal Conductivity 
Measurements, by F. G. Hechler and E. R. Queer (Engineering Experi- 
ment Station, The Pennsylvania State College.) 


excellent bright surface that did not change appreciably 
with time. Black radiating surfaces were obtained by 
painting the aluminum foil with lampblack mixed with 
alcohol. This coating could be rubbed off easily leav- 
ing the original polished aluminum surface unmarred. 

Temperatures were measured with single thermo- 
couples cemented to the surfaces with a waterproof ce- 
ment. A comparison between this method of attaching 
thermocouples and soldering them in a groove showed no 
appreciable difference in readings. The cement appar- 
ently forms a translucent covering that does not affect 
the emissivity over the couple; this is an important con- 
sideration in the measurement of the surface tempera- 
tures. 


Emissivity and Radiation 


The effect of various kinds of surfaces on the heat 
transmission through air spaces is shown by the data in 
Table 1 which are plotted in Fig. 1. Curves 1, 2 and 3 
furnish striking evidence of the efficacy of bright 
metallic surfaces in reducing heat transmission by re- 
ducing the radiation. Curve 4 shows the effect of plac- 
ing one bright metal screen between two black surfaces. 
In this case there are two air spaces each one-half the 
width of the original space; this reduced somewhat the 
diffusional heat transfer by conduction and convection 
as well as the radiation. 

To separate the total heat transfer into its component 
parts the Stefan-Boltzmann law was used to calculate 
the part transferred by radiation. The following equa- 
tion gives the law in the form used: 

) | 


@, @2 [ J. . 
0.172 « — ]-- 
€, + €:—e, C2 L 100 
n+1 (1) 








t 
100 





Ms = 


where 
H, = radiant heat transfer in Btu per hour per square foot 
¢, = emissivity factor for hot surface 
é, = emissivity factor for cold surface 
T, = absolute temperature of hot surface 
T, = absolute temperature of cold surface 
n = number of screens 


}. os = (hot and cold surfaces 
€:+ 6: — Oe; C3 alike) 

In the first series of experiments the combined emis- 
sivity factor E was determined. The bright aluminum 
surfaces of the heaters and cold plates were separated 
by one-inch air spaces as shown in Fig. 2. Two hot 
plates were placed one above the other in a horizontal 
position with a heat flow meter between them. Heat 
was supplied to each air space by its respective heater. 
The heat input to the lower plate was held constant, 
while that to the upper plate was varied to keep the 
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Fic. 1—Errect or VArtious KInps oF SURFACES ON HEAT 
TRANSMISSION THROUGH AIR SPACES 


TaBLe 1—Errect oF Various KINDS oF SURFACES ON HEAT 


TRANSMISSION THROUGH ArR Spaces (See Fig. 1) 
































Heat 
Input 
(Bru 
Curve} per | Hicgh | Low | AT | MT 
No. | mR | Temp.| Temp.| (Dec | (Deo REMARKS 
per | (Dec! (Deg | Fanr)| Fanr)| C 
8q | Far)! Faur) 
FT) 
1 {17.59} 67.2) 52.1) 15.1] 59.7|1.163) 1 in. air space, 
1 |55.5 |123.7) 88.6) 35.1) 106.2|1.581) 9 in. high, black surfaces 
2 |17.64) 83.1) 49.3) 33.8] 66.2/0.522) lin. airspace, cold surface, alfoil, 
2 {39.7 |125.5| 68.0) 57.5) 96.7/0.690| 9 in. high, hot surface black 
3 |17.59) 86.1) 50.4) 35.7) 68.3)0.492) 1 in. air space, 
3 |39.50)135.7| 69.1) 66.6) 102.4|0.594) 9 in. high, hot and cold surface, 
alfoil 
4 | 9.90) 84.3) 44.8) 39.5) 64.5/0.251| two 14-in. air spaces, 
4 |22.23)129.5) 55.0) 74.5) 92.3/0.299) 9 in. high, aluminum screen 
4 |40.25)189.6) 72.1|117.5|130.8|0.342| hot and cold surface black 





temperatures of the two heater surfaces facing each other 
equal. (This equality was indicated by a zero deflection 
of the galvanometer connected across the heat flow 
meter). Hence all the heat of the lower heater test 
area was forced downward through the one-inch air 
space. By this arrangement convection was eliminated 
in this space, leaving only pure conduction and radia- 
tion. Deducting the heat transferred by conduction from 
the total heat input, the remainder was radiation. Sub- 
stituting this heat transfer and the surface temperatures 
in Equation 1, E was calculated. A sample calculation 
follows: 
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Fic. 2—Apparatus Usep to DETERMINE ¢, SHOWING Two Hor 
PLates with Heat FLtow Meter BETWEEN 


Hot surface temperature = 155.4 F + 460 = 615.4 F, absolute 
Cold surface temperature = 53.8 F + 460 = 513.8 F, absolute 
Temperature difference AT = 101.6 F 
Mean temperature (MT) = 104.6 F 
Heat transferred by conduction through air 

= 0.172* & 101.6 

= 17.49 Btu per hour per square foot 
Total heat input = 26.15 Btu per hour per square foot 
H, = 26.15 — 17.49 = 8.66 Btu per hour per square foot 
Hot and cold. surfaces are alike, therefore ¢, = ¢, 


2 


E= 
2e —e’ 


H, 
a <" T; ’ 
0.172 — J— fi — 
100 100 
8.66 


615.4 \* 513.8 \* 
oaral (“~ )—(— ) 
100 100 


= 0.0684 

e=0.128 for these aluminum surfaces. 
emissivity factors are tabulated in Table 2 
Curve 2, Fig. 3. 


Effect of Spacing 








These combined 
and plotted as 


A second series of experiments was made to show how 
the conductance of vertical air spaces varied with width 
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Fic. 3—Conpuctivities oF Stitt Arr AND ComsBINep EmMIs- 
sivity Factors 


*See Curve 1, Fig. 3. 


Conductivity of still air taken from the Inter- 
aational Critical Tables. 
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Taste 2—Emissivity Factors 
Hear | ee Be iS ee 
Heat 
Input | Hicu Low Cox- | Hy 
ST MT pucnrion ‘Pru 
(Bru | Texp. | Teme. (D D ecg E » 
per ur | (Deo (Dee oe (Das Gr |= & 
ounce | aun) | Pom) anR) | Faur) | Per BR | PER 8Q 
PER 8Q rr) 
PT) 
rr) 
16.65 | 116.0 | 46.8 | 69.2 | 81.4 | 11.57 5.08 | 0.0670 | 0.1256 
26.15 | 155.4 | 53.8 | 101.6 | 104.6 | 17.49 | 8.66 | 0.0684 | 0.1283 
44.53 | 220.7 | 67.5 | 153.2 | 144.1 | 27.90 | 16.63 | 0.0703 0.1310 





























*Aluminum used. 


of the space. These results are plotted on Fig. 4. Two 
mean temperatures were chosen to indicate that the 
shape of the curve did not change over the range tested. 
It should also be noted that changing the height of the 
air space did not alter the shape. 

An examination of Curves 1 and 5 of Fig. 4 reveals 
an optimum single space conductance at 4% in. spacing. 
This is in agreement with the results of other investiga- 
tors. Curves 2 and 4 on this same figure show the 
effect of spacing on horizontal air spaces. These data 
represent an average conductance of equal spaces above 
and below the heater. In the upper space, convection is 
at a maximum whereas it is eliminated in the lower one. 
This is equivalent to considering the combined loss from 
the top and bottom of an insulated box, the insulation 
being made up of a series of bright surfaces. No op- 
timum spacing for the single horizontal space was 
reached in the range tested. 


Effect of Height 


Contrary to the general belief, it has been found that 
blocking thin air spaces decreases the insulating value 
of the space.* To show the magnitude of this effect a 
third series of experiments was made keeping the air 
space widths constant and varying the height from 4%4 
in. to 35 in. Tests at two mean temperatures were made 
to establish the position of a mean temperature-conduc- 
tance curve. Fig. 5 shows a plot of some of these data 


8See Testing Thermal Insulators, by H. C. 
Dusen (A. S. R. E., Dec. 1915). 
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Fic. 5—MeEaAN TEMPERATURE—CONDUCTANCE CURVES 
for a one-inch space, and heights of 4%, 9, and 11% in. 
The temperatures are also shown in this figure. 

If the temperature difference at any mean tempera- 
ture is multiplied by the corresponding conductance for 
the same mean temperature the product is the total heat 
flow. The radiation may be calculated from the corre- 
sponding temperatures of the hot and cold surfaces and 
the combined emissivity factor. Subtracting this from 
the total heat input gives the diffusional transfer. Re- 
peating this for each height and width of air space gave 
the values for the heat transferred by conduction and 
convection as plotted in Fig. 6. The following example 
illustrates the method of calculation: 


Example. A temperature drop between the hot and cold 
surfaces of 50 F was arbitrarily chosen. Height of air space, 
Y .. — (C) = 0.50 at a differential of 50 deg, MT 

H (total) = 0.50 x 50 = 25 Btu per hour per square foot. 

High side temperature = 100 F + 460 = 560 F, absolute 

Low side temperature=—50 F+ 460=—510 F, 

absolute 
E at 75 F (MT) = 0.0665 (From Fig. 3, Curve 2) 


510 
0.172 « 0.0665 (— )+ (<— ) 
100 100 


AL H,=— 





PT, 


= 3.54 Btu per hour per mini foot 


H (diffusional) = 25 — 3.54 = 21.46 Btu per square 


T foot per hour 


Fic. 4—VARIATION OF CONDUCTANCE 
OF VERTICAL AIR SPACES WITH WIpTH 
or SPACES 
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Fic. 6——Curves SHow1nc Retation Between Heat Dirru- 
SION AND Arr Space WipTH 


In like manner the other values of Fig. 6 were calcu- 
lated. This figure is used merely to illustrate what will 
happen to the diffusional heat transfer at any temper- 
ature difference, while the height and width of spaces 
are changed. 


This was a surprising phenomenon, since it has been 
the usual assumption that blocking thin air spaces de- 
creased the conductance. The blocking was thought to 
decrease the fluid pressure differential between the hot 
and cold surfaces, consequently the diffusional heat 
transfer was decreased and the resistance to heat flow 
increased. Tests show that the reverse happened. Ap- 
parently what took place was that increasing the air 
space height increased the surface frictional resistance 


Ho. -eTu /sort/nr 





° 10 20 30 40 


AiR SPACE Heient— INCHES 


Fic. 7—Cross Prot or Fic. 6 ror One-INCH 
Air SPACE 


to air flow by an amount greater than the fluid pressure 
differential caused by differences in densities on the hot 
and cold surfaces. Hence, convection would be de- 
creased and the resistance to. heat flow increased. The 





curve of Fig. 7 is a cross plot of Fig. 6 at one-inch 
spacing. The shape of this curve would be the same 
for any other spacing. 


Summary 


It has been generally supposed that most of the heat 
lost through air spaces of building structures was by 
conduction and convection. However, this is not the 
case; most of the heat transferred between conventional 
building materials is by radiation.* Several examples are 
cited to show the magnitude of the radiant heat transfer 
between surfaces of the type mentioned. 

Wall® No. 23 
AT = 16.7 F for air space between 2 X 4 studs 


T, = 49.8 F + 460 = 509.8 F, absolute 
T, = 33.1 F + 460 = 493.1 F, absolute 


0.93? 509.8 \ * 493.1 \* 
0.172 aieaiaienesihaiains ina ’ 
0.93 + 0.93 — 0.93? 100 100 





H.= 
1 


= 12.65 Btu per hour per square foot 
Per cent of total heat transferred by radiation = 


12.65 & 100 
—__—___—— = 77 per cent 


16.41 


If the 4-in. air space were divided into two 2-in. spaces by a 
thin bright metallic screen having an emissivity value 0.1, then 


0.1 x 0.93 
E= a a 


~ = 0.099 
0.1 + 0.93 —- (0.1 « 0.93) 





And if the same temperatures existed on the high and low 


surfaces 
509.8 \ * 493.1 \* 
0.172 « 0.099 ( ) mais ( ee 
100 100 


ee 
2 





=0.72 Btu 


per hour per square foot compared with a value of 12.65 Btu per 
hour per square foot for the original wall. 


This same fact was borne out by the first series of experiments 
shown in Fig. 1, and accounts for most of the enormous reduc- 
tion in the value of C between Curves 1 and-4. 

Likewise for ® Walls No. 25 and No. 30 respectively : 

Per cent of total heat transferred by radiation = 


11.32 « 100 
——_-—_—_——_ = 75 per cent 


15.10 
Per cent of total heat transferred by radiation - 
8.86 « 100 
—_——_————_ = 72 per cent 
12.3 


This analysis indicates that approximately 75 per cent 
of the total heat transfer is by radiation. An optimum 
insulation spacing for multiple bright metallic surfaces 
that are very thin has been found to be 0.37 in. That is, 
if one has a given space to be insulated, the maximum in- 
sulating effect for a minimum number of bright metallic 
sheets is obtained by spacing sheets at 0.37 in. By 
choosing any space width and dividing it into spacings 
varying from about 4% in. to 34 in., with bright sheets 
of aluminum one can calculate the overall transmission 
factor for each spacing. Fig. 8 shows how this factor 





* See discussion by F. G. Hechler of R. H. Heilman’s paper on Surface 
Heat Transmission. (A. S. M. E. Transactions—Fuels and Steam Power 
Division, Sept.-Dec. 1929. Vol. 51, No. 22, p. 299.) 

5 These data are taken from Heat Transmission Research, by F. B. 
Rowley, F. M. Morris and A. B. Algren (A. S. H. V. E. Transactions, 
Vol. 34, 1928). 
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TasLe 3—Some EXperIMeNTAL Data 
Heat 

in Input | Hice Low | Temp. Cc 
Test No. | Space Senee (Bru | Temp. | Temp. | Dir. MT (Bru 
No. |.” Wwrs H Per uR | Swe Sis AT (Dee PER 
Spaces} (In.) (In.) per sq | (Dea | (Dec | (Deco | Faure) | oe Per 
FT) Fame) | Fase) | Fame) 8Q FT) 
1 1 4 9 17.58 | 83.0} 47.2) 35.8) 65.1 | 0.491 
2 l lg gy 39.55 | 130.2 | 60.9} 69.3 | 95.5 | 0.571 
3 1 % 11% | 17.58 | 84.1] 47.3 | 36.8] 65.7 | 0.478 
4 1 % 11% | 39.55 | 134.7] 62.3 72.4 | 98.5 | 0.546 
5 2 4 9 17.58 | 116.8 | 49.0| 67.8 | 82.9 | 0.259 
6 2 % 9 39.55 | 195.7 | 63.8 | 131.9 | 129.8 | 0.300 
7 2 le 115% | 17.58 | 122.2 | 48.7| 73.5] 85.4 | 0.239 
8 2 % 11% | 39.55 | 214.0 | 64.3 | 149.7 | 139.6 | 0.264 
9 1 Ly 9 17.58 | 75.9 | 47.9} 28.0] 61.9 | 0.627 
10 1 lg 9 39.55 | 117.9 | 61.9 | 56.0] 89.9 | 0.706 
11 3 \% 9 9.9 88.1} 44.2| 43.9] 66.2 | 0.225 
12 3 1g 9 22.25 | 145.0} 55.0| 90.0 | 100.0 | 0.247 
13 3 Vy 11% | 9.9 91.7 | 44.1 | 47.6] 67.9 | 0.208 
14 3 \% 115% | 13.49 | 107.9 | 46.0} 61.9 | 76.9 | 0.218 
l5a | 3 Vy 11% | 17.58 | 97.0) 47.0} 50.0 | 72.0 | 0.351 
l6a | 3 lg 11% | 39.55 | 156.9 | 57.5 | 99.4 | 107.2 | 0.398 
17> | 3 \y 11% | 17.58 | 132.4 | 49.0} 83.4] 90.7 | 0.211 
18 | 3 My 115% | 39.55 | 226.0 | 63.4 | 162.6 | 144.7 | 0.243 





























*® Tests No. 15 and 16 were made with 0.0003 in. crinkled aluminum foil. 
>» Tests No. 17 and 18 were made with 0.0003 in. plain aluminum foil. 


varies with spacing and indicates a minimum value at 
about 0.37 in. The following example will illustrate how 
a point on this curve was obtained : 


Assume a 3-in. space to be insulated. A spacing of 1/3 in. 
would require 8 sheets of aluminum. Number of spaces = 3 X 3 
=9. Height of space chosen, 115% in. C = 0.585 Btu per hour 
per square foot per degree Fahrenheit (From Fig. 4). For 
practical purposes the conductance can be divided by the number 
of spaces, or 


0.585 
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Fic. 8—OverALL TRANSMISSION COEFFICIENTS FOR VARIOUS 
SPACINGS OF SCREENS 
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sivity factors, height, spacing and temperatures. This 
was found to be very difficult by dividing the heat flow 
into its three component parts, conduction, convection 
and radiation. However, a purely empirical equation 
was set up based upon diffusion and radiation, as fol- 














—— = 0.065 Btu per hour per square foot per degree Fahrenheit. 
9 lows: 
The curve of Fig. 8 was found to have 0.172 €1 Cs Tt, \° Tt, \‘ 
the same shape for different heights and kw X kn ST™™ x se Mena oe 100 100 
overall space widths. Some experimental H,= (2) 
data on multiple spaces are given in (m+ 1) ** (n+ 1) 
Table 3. where 


The effect of height of the air space on the heat trans- 
fer coefficient appears to become constant above 35 in. 
Spaces below 4% in. have not yet been investigated. 

Conclusions 


1. Plane bright metallic surfaces form an excellent 
heat insulation by reducing radiant heat transfer. 

2. Insulation made up of such surfaces is usually 
very low in density, and is not seriously affected by 
moisture. 

3. The optimum insulation spacing for a single air 
space is about 0.75 in. 

4. The optimum insulation spacing for multiple air 
spaces is 0.37 in. 

5. Increasing the height of a thin air space up to 35 
in. increases the resistance to heat flow. 

6. With conventional building materials about 75 per 
cent of the total heat transmission across enclosed ver- 
tical spaces is by radiation. 


Appendix 


An attempt was made to calculate the heat flow 
through specimens tested from a knowledge of the emis- 


H,, = total heat transmission in Btu per hour per square foot 

kw = air space width factor (Fig. 9) 

ky = air space height factor (Fig. 10) 

AT =temperature difference hot to cold surfaces, degrees 
Fahrenheit 

Exponent 1.266 taken from Surface Heat Transmission, by 
R. H. Heilman 

Exponent 1.1 was found to suit the experimental data the best. 

n = number of screens 


A CO 
oe 


k,~ Hetcut Factor 
8 
a 
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Fic. 10—Curve SHow1NnG RELATION BETWEEN 
Arr Space HEIGHT AND HEIGHT FACTOR 


The second part of Equation 2 is the same as Equa- 
tion 1. 
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Taste 4—Tests Mape to Cueck Equation 2 
Varu- 
Meas- Catcv- | TION BE- 
URED LATED | TWEEN 
Wrors| Heicut| Heat | Hics Low Heat | Catcue 
or | or Am | Inpur | Temp. | Ter. . Passe IN PUT | LATED 
eel Space| Space (Bru (Dea (Dea Fame) | Faun) (Bru AND 
(In.) | (In.) | pen ge | Fame) | Fanr) PER HR | Mzas- 
PER SQ PER 8Q| URED 
FT) rr) |Heatin- 
rut (%) 
1 lg 9 | 17.58] 83.0} 47.2 | 35.8] 65.1] 17.23 -2 
1 “ 9 | 39.55 | 130.2 | 60.9 | 69.3] 95.5 | 39.62) +0.2 
2 6 9 | 17.58 | 116.8 49.0 | 67.8 | 82.9 | 18.09 | +2.7 
2 lg 9 | 39.55 | 195.7 | 63.8 | 131.9 | 129.7 | 41.6 +5.3 
3 \y ll 17.58 | 127.9 | 49.3 | 78.6 | 88.6 | 16.98 | —3.4 
3 ly ll 22.25 | 145.1 51.3 | 43.8] 98.2 | 22.25] -3.1 
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The height and width factors were determined by tak- 
ing the heat transferred by diffusion and temperature 
data for the one-inch space width from Fig. 7, and solv- 
ing for k, and ky as a combined factor. By trial an ar- 
bitrary value for ky of 0.48 was chosen and ky was cal- 
culated for each height given on Fig. 7. Taking a height 
factor as a constant then ky can be calculated for all 
widths. These two factors are plotted on Fig. 9 and 
Fig. 10. 

This formula proved fairly satisfactory in calculating 
the total heat transfer in both single and multiple air 
spaces. An accuracy of 6 per cent was obtained by this 
method for the experimental range covered. Table 4 
shows some tests made to check the formula. 





Unit Air Conditioners 


The unit air conditioner is a self-contained apparatus 
performing the same functions as the larger so-called 
central station equipment. It may be used for the air 
conditioning of printing plants, textile mills, candy man- 
ufacturing, packing and storage departments, cigar and 
cigarette making and seasoning departments, bakeries, 
process rooms necessary in the manufacture of pharma- 
ceuticals and related products, and for any industrial 
plant or department in which production depends on, or 
quality is improved by, positive and accurate control 
over atmospheric conditions. 

The unit air conditioner provides for humidification 
or dehumidification, air washing, heating or cooling, and 
uniform distribution of air, either with or without ducts, 
depending on the location of the units. Each unit is a 
complete air-conditioning plant in itself including spray 
nozzles, air re-heater, fan, pump, automatic control, etc. 
They are usually built in graduated standard sizes rang- 
ing in capacity up to 10,000 cfm each. 


Advantages of Unit Air Conditioners 


The principal advantages of such equipment are that 
the desirable results of the indirect humidification sys- 
tem can be applied to old buildings without installing 
duct work. Also where manufacturing processes are 
changed and departments are sub-divided or enlarged 
the units are easily moved or increased in number to 
suit the new requirements. Because of their portability 
they are useful for tenants of rented buildings. 


Description and Operation 


Unit air conditioners are manufactured in horizontal 
and vertical types and are thus adjustable to varying 
space requirements, being floor mounted or suspended. 
Water, steam and electrical connections are required to 
prepare them for operation. Electric power require- 
ments generally range from 1 to 7 kw. Fan motors are 
from % to 5 hp. Water consumption varies from 40 
to 200 gal per 12-hour period, according to the size 
of the unit. 

An air-conditioning unit may be so designed that it 
will draw in air from the room or enclosure in which 
it is placed or from the outside, or by the aid of mixing 
dampers, may draw any predetermined mixture of in- 
side and outside air. This entering air passes through 
one Or more spray or mist chambers, in which space 


moisture is either added to or removed from the air in 
accordance with the temperature of the air and of the 
spray water. At the same time the air is washed sub- 
stantially free of dust and solid matter in this chamber. 
The air next travels between the customary labyrinth 
eliminator plates to lose its entrained water. A suit- 
ably located fan assembly causes the air to flow over a 
heating unit before being delivered to the room. A 
motor-driven centrifugal pump or other means is used 
to deliver water from the tank built into the base of 
the unit to the spray heads, mist nozzles or other atom- 
izing apparatus. In some makes of unit air conditioners, 
other means than spray nozzles are used to produce the 
required water spray or mist for the transfer of heat 
from air to water or vice versa. Automatic instruments 
control the condition of the leaving air by regulating 
the temperature of the spray water and also by varying 
the amount of steam supplied to the air heater, Such 
instruments usually are placed in the path of the return 
air as it enters the unit to be conditioned, as the entering 
air is a sample of room air. The spray water can be 
heated by an ejector or by a closed type heater. 


Evaporative Cooling 


In certain buildings in which a considerable amount 
of heat is generated by power driven machinery or from 
other sources involved in the manufacturing operations 
or during hot seasons when heat is transmitted into the 
building, evaporative cooling of the air, which occurs 
in the spray chamber of the unit, is sufficient to reduce 
the temperature of the air in the conditioned room from 
5 to 20 deg. below the existing outdoor temperature. 
Though evaporative cooling is limited according to the 
relative humidity of the air entering the spray cham- 
ber of the unit cooling and dehumidifying type air con- 
ditioner, the general effectiveness contributes to the 
comfort of the workers and offers an efficient means of 
utilizing or disposing of the mechanical heat developed 
by machinery or of that given off from other sources. 


Non-Evaporative Cooling 


When it is desired to maintain conditions of tem- 
perature and humidity below those normally possible to 
obtain by evaporative cooling it is necessary to supply 
water to the unit at a temperature below the dew-point 
or saturation temperature of the entering air. The source 
of low temperature water may be a well, or the water . 
may be cooled by refrigeration. 











Output of Heating Units 
at Various l’emperatures 


By E. A. Alleut,: Toronto, Ontario 
NON-MEMBER 


An exposed heating unit located in the room or space 
to be heated is termed a “radiator.” An enclosed heating 
unit is termed a “concealed radiator” or more properly a 
“convector.” If, in the case of convectors, the flow of air 
over the heating unit takes place by natural convection, 
it is termed a “gravity convector,” whereas if the air flow 
is produced by a fan or blower, it is termed a “fan con- 
vector.”* This paper deals with tests on heating units 
used as both radiators and gravity convectors as thus de- 
fined.—Ed. 


OST of the work already described in connec- 
M tion with gravity convectors (concealed radia- 

tors) refers to steam as the heating medium. 
In Canada, however, the majority of homes and small 
buildings are heated with hot water. Some time ago 
the author made a series of tests on small heating units 
of various kinds, to determine by how much the heat 
output was reduced when using water at about 150 F, 
as compared with steam. The results were lower than 
had been expected and also varied somewhat with heating 
units of different form, so that the present series of 
tests was made for the purpose of obtaining some general 
information on this subject. 

Heating units were selected of as many different forms 
as possible and were loaned by the manufacturers for 
this work. The enclosures used were of the dimensions 
recommended by them. Preliminary studies of the sub- 
ject involved a consideration of the method of express- 
ing the results. The output of a heating unit can be 
established fairly definitely by the usual procedure of 
testing with steam or hot water. On the other hand, 
the object of installing a heating unit is to provide heat 
for a room or building, and this involves not only the 
supply, but also the distribution of heat. Some manu- 
facturers rate their heating units on the first basis and 


‘some on the second, and the situation is in urgent need 


of clarification as, for this reason, it is difficult to com- 
pare heating units of different design. 

The author expresses no opinion as to which method 
is the better commercially, but came to the conclusion 
that the actual output in Btu per hour was the preferable 
basis for expressing the test results. The steam con- 


? Professor of Mechanical a ih University of Toronto. 
® Proposed definitions of A. H. V. E. Committee on Definitions. 








Fic. 1— DracRAM 4 








oF APPARATUS lank 














densed, or quantity of water cooled, per hour indicates 
the actual amount of heat leaving the metallic surface, 
and previous experience had shown that this quantity 
was independent of changes in test conditions over com- 
paratively wide ranges, so that similar results were ob- 
tained in rooms of different sizes, ceiling heights and 
window spaces. If this heat is not efficiently distributed, 
that is no fault of the heating unit itself, but of other 
conditions. Given a definite weight of air leaving the 
enclosure at a fixed temperature, the supply of heat to 
the room will be the same regardless of the type of 
heating unit inside the enclosure. 

It is probable, also, that the floor dimensions of the 
room, the height of ceiling, the size and number of 
windows, direction, velocity and temperature of the air 
outside, all have a considerable influence on the dis- 
tribution of heated air inside, thus introducing variables 
of unknown number and extent into the final results. 
For these reasons, the results are expressed deliberately 
in terms of heat passing over the heating surface, but 
readings of the velocities and temperatures at the stack 
outlet are also included. 


Apparatus and Method of Testing 


The tests were made in the Mechanical Engineering 
Laboratory of the University of Toronto, a shield of 
insulating material being placed at the back of the en- 
closure. There was also a ceiling at a height of 9 ft 
from the floor level to give an air flow approximating 
that obtained in practice. The layout is shown diagram- 
matically in Fig. 1. 

Each heating unit was tested at several temperatures 
using both steam and hot water. A gas-fired boiler was 
used for both series of tests. This boiler could be reg- 
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ulated to supply the amount of heat necessary to main- 
tain the required temperature difference between the 
heating unit and the air entering the enclosure. 

For the steam tests, the water was kept at about the 
center of the boiler gage glass and the steam was ad- 
mitted to the separator by opening valves A and B and 
closing valve C. The water was drained from the sepa- 
rator at intervals during each test, so that dry steam 
alone was admitted to the heating unit. All steam and 
hot water pipes were covered to avoid radiation and con- 
densation losses. This method was preferred to that of 
superheating the steam because of its greater simplicity 
and closer approximation to the conditions actually exist- 
ing in gravity convector installations. Its accuracy has 
been proved by previous experience and by comparing 
the tests made in this way with results on the same or 
similar heating units tested by the superheated steam 
method in other laboratories. There was no appreciable 
difference in the results obtained. 

The condensate was drained from the heating unit at 
frequent intervals during each test, so that the heating 
surfaces were kept dry. It was then collected in a 
weighing tank, observations being taken every ten or 
fifteen minutes. In each case, no test was started until 
successive readings showed that a constant amount of 
steam was being condensed, so that conditions were 
steady. Each test was then run for about 90 min, as it 
had been found by previous experience that this period 
was ample for the small heating units tested. The inlet 
and outlet temperatures were taken both by thermom- 
eters and thermocouples, and the agreement generally 
was satisfactory. The amount of disagreement is shown 
in the tables of test results. The steam pressure was in- 
dicated by a mercury manometer. 

Considerable difficulty was experienced in making hot 
water tests, as it was by no means easy to maintain a 
constant flow of water through the heating units. Finally, 
the layout shown in Fig. 1 was adopted and was used 
throughout the tests. The same boiler was used as be- 
fore, but it was now filled with water. The water was 
supplied from the city main to a constant head tank, by 
opening valves D and E and closing valve F. The water 
in the tank was kept up to the level of the overflow and 
the quantity supplied to the system was regulated by 
opening and closing valve H. This varied the tempera- 
ture drop across the heating unit, and at the same time 
preserved a full head of water on the system. The mean 
temperature was regulated by increasing or reducing the 
quantity of gas supplied to the burners. The water thus 
heated left the boiler through valve C, (which was now 
opened, valves A and B being closed) passed through 
the heating unit and was measured by weighing. Thermo- 
couples again were used in addition to the thermometers, 
and at first the bare wires were placed in the water 
stream, but erratic results were obtained. It was found. 
after investigation, that these were due to stray currents. 
The thermocouples were therefore placed in glass tubes 
filled with oil and it was found that with this method 
the inconsistencies disappeared. 

The heat outputs for the steam tests were then plotted 
against the temperature differences between the steam 
and the air entering the heating unit, and a curve was 
drawn through them of the form 








( 215—65 ) 
steam temperature—air temperature 


The hot water tests were plotted in a similar manner, 
the mean temperature of the heating unit being con- 
sidered to be the arithmetic mean between the inlet and 
outlet water temperatures. It is questionable whether 
this should be adopted in all instances as in most cases of 
heat transmission the logarithmic mean is taken as the 
correct temperature, but the foregoing method was em- 
ployed in accordance with generally accepted practice. 
The difference between the arithmetic and logarithmic 
mean temperatures for the test conditions was generally 
less than one degree Fahrenheit. 

In most heating units the hot water tests fell on a 
curve below that drawn for steam, and in such cases a 
similar curve was drawn through the points obtained by 
the hot water tests. The ratio of the heat output with 
hot water to that with steam at the standard temperature 
difference of 105 deg is given for each heating unit. 
This indicates the extent to which the output with hot 
water falls short of that with steam with the same at- 
mospheric conditions. 


Form of Enclosure 


The enlargement of the Royal Ontario Museum pro- 
vided somewhat unusual conditions for enclosed heat- 
ing units, the room being very large, the ceilings high 
and the windows nearly 12 ft wide. Stack heights of 8 
ft were required to enable the air to be discharged above 
the specimen cases. 

Experiments were made with the different types of 
heating units placed in an adjustable enclosure, so that 
heat outputs could be measured under different condi- 
tions, as follows: 

1. The height of the air inlet was reduced from 13 in. to 6 in., 
the equivalent heating surface being raised from 61.1 to 68.2 
sq ft, an increase of 11.6 per cent. Thus, it appears to be 
inadvisable to increase the air inlet opening beyond a certain 
limit. 


2. The original plans called for the air outlet opening in some 


cases to be arranged as in AH2 (Fig. 2), the object being to 
cover the entire width of the window with a screen of warm air. 
On the other hand, this increase of area decreases the outlet 
velocity of the air and therefore reduces its effectiveness. 

The results obtained with the top of the enclosure set at 
different angles are shown in Fig. 2. The air velocity curves 
show that there is practically no upward movement of air 
outside the vertical stack opening, and that on the left side 
there is actually a down draft. The equivalent heating sur- 
faces for the three tests were: 

AH2 (10 ft 11 in. wide) 68.2 sq ft (45 deg) 

AH3 (8 ft 6 in. wide) 68.7 sq ft (22.5 deg) 

AH4 (6 ft 8% in. wide) 71.4 sq ft (Parallel) 
Thus, the parallel stack is to be preferred. 
These tests were all made on days when there was a south- 
west wind of 3 to 4 mph, so that they are comparative. 


3. The uneven distribution of air in Fig. 2 attracted attention 


to the direction of air flow from the enclosure. It is evi- 
dent that when the heating unit is placed under a window, the 
downward current of cold air will tend to oppose the upward 
current of warm air from the enclosure. By placing a baffle 
over the top and directing the flow of air horizontally, this 
tendency is reduced and the figures in Table 1 indicate that 
the improvement obtained from this change was about 10 
per cent, 


It was noticed with the vertical outlet, that the air 
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Test Equivstent Heatine IncREASED 
No. OvutLet Surrace Ovurrut 
(Square Fer) (Per Cent) 
AH4 Top 71.4 ftir Wew as 
AH6 Front 78.4 9.8 
AKI Top 84.2 5 nage 
AK2 Front 92.1 9.4 
ALI Top 84.6 a 
AL2 Front 93.5 10.5 
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pulsated somewhat, so that correct readings of its veloc- 
ity were difficult to obtain. These pulsations were al- 
most entirely stopped when the horizontal outlet was 
substituted, the air being emitted in a steady stream. 
The distribution of air across the outlet with top and 
front outlets respectively, is shown in Figs. 3 and 4. 
These indicate a more uniform distribution for the front 
outlet, in addition to the steadier flow. The top outlet 
has a down draft on the left of Fig. 3 and the right of 
Fig. 4. 
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Steam and Hot Water Tests 


These tests were made on small convectors of ap- 
proximately 20 and 40 sq ft (equivalent) rating, re- 
spectively, and of as many different forms as it was 
possible to obtain. There is no intention of comparing 
the relative merits of the different convectors, save in- 
sofar as their design and general dimensions affect the 
ratio of the output on hot water to that on steam. 

The direct or prime heating surface in each case is 
considered to be that area which is in contact with steam 
or water on one side and air on the other. The re- 
mainder of the measured area is indirect or secondary 
heating surface. Wherever practicable, the temperature 
of the direct heating surface and that of the indirect 
surface farthest from the heating medium were meas- 
ured. 


Heating Units BC and BD 

These were both of the ordinary cast-iron type and 
were tested with steam and hot water, respectively, both 
bare and enclosed. Heating unit BC was tall and thin, 
and BD was low and wide. See Table 2. Both were 
unpainted and the results obtained are indicated by Figs. 
5 and 6. 


TaBLE 2—PuysicaL CHARACTERISTICS OF HEATING Units BC 

















ano BD 

BC BD 
DE he og be ehiaclc ow a abated e 3 6 
gray ai ciale Sule 'h oa eco eaais ee 6 6 
I a's oon ae é Salk wide alin 38 20 
a oe cere lacard o's iiWk alate aie 15 15 
Direct heating surface (square feet)........ 18.7 17.6 
Indirect heating surface (square feet)....... 0 0 
Air inlet area (square feet)................ 0.437 0. 437 
Air outlet area (square feet)............... 0.75 0.742 





The curves show that, whether bare or enclosed, the 
output with hot water, in both cases, follows the same 
curve as that for steam. The relationships given in 
Table 3 are taken from Figs. 5 and 6. 


TasLeE 3—ReEsuLts OpsTaINnepD WitH HeEatinc Units BC anp 


























BD 
Heating Unit BC BD 
SraTe | Bare Enclosed Bare Enclosed 

Btu per hour at 

a. 150-deg temp diff....| 5,200 4,000 4,920 4,120 
b, 105-deg temp diff....| 3,300 2,520 3,100 2,600 
c. 55-deg temp diff....| 1,450 1,080 1,350 1,110 

b | . . 

q percent........... 63.5 63.0 63.0 63.1 
c » 
q percent............| 27.9 27.0 27.2 26.9 














The air velocities (feet per minute) were obtained at 
the left, center and right ends of the stack outlet, re- 
spectively, and indicate that the highest velocities occur 
at the right, or entrance, side of the heating unit (Fig. __ 


1). 
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Heating Units AO and AX 

These consisted of aluminum plates or fins, into which 
tubes were expanded, the whole assembly being painted 
black. The details are given in Table 4. 


TasLeE 4—Detai_s or HeEatinc Units AO ann AX 




















AX AO 
ee ON DONO a occ os sce Cote cesses 5 2 6 
Diameter of tubes (inches)............ 1% 1% 
Length of tubes (inches).............. 19% 19% 
8 ET eT ee ee 45 88 
Area of each fin (inches)..............| 634 x4 10% x4 
*Direct heating surface (square feet)... . . 1.2 3.6 
*Indirect heating surface (square feet)... . 14.6 45.7 
Air inlet area (square feet)............ 0.482 0.482 
Air outlet area (square feet)........... 0.878 0.878 
Height of feet (inches)................ 4% 4% 
Thickness of fins (inches).............. 0.041 0.041 





*These are based on tube and fin surface only. If the entire surface of 
the headers is included, the direct heating pam Oe of AX is increased by 
0.9 sq ft and that of AO by 2.9 sq ft. The coefficients given in Fig. 13 
must be reduced correspondingly. 


TABLE 5—ReEsuLts Ostarnep With Heatinc Units AX AND 

















AO 
AX AO 

Btu per hour at 

a. 150-deg temp diff................. 3,920 7,400 

i EY WIA: 9 a < oe vac apes ann’ 1,950 4,250 

© Gidam teem Ge, .. «005 sc cseseee: 800 1,850 

b - - 

q Percent.............-.eseee eens 49.8 57.5 

OS ERE OE OR PET 20.4 25.0 
Per cent of steam curves at 

d. 105-deg temp diff ................. 79.6 91.4 

Se. | FS eae eee 76.2 92.5 














20 40 60 
Temperature difference ~F 


Fic. 6—Resutts Ostrarnep with Heatinc Unir BD 


The same enclosure was used for both heating units. 
The results obtained are illustrated by Fig. 7. The rela- 
tionships given in Table 5 were taken from the curves 
of Fig. 7. These figures show that the hot water output 
at a temperature difference of 105 deg is from 10 to 20 
per cent less than that anticipated from the steam tests, 
and at the lower temperature the output may be as much 
as 24 per cent lower. 

The air velocities were taken at the left, center and 
right of the stack outlet, positions 1, 3 and 5 being at 
the top of the grille, and 2, 4 and 6 at the bottom. The 
zero figures given for the lower positions indicate in all 
cases that the velocities were too low to work the 
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Fic. 7—Resutts OstTaInep with HEATING Units AO AND 
AX 
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anemometer. It is evident that most of the air comes 
out at the upper edge, so that the grille depth might be 
reduced with advantage. 


Heating Units AM and AN 


These were both composed of copper tubes expanded 
into aluminum fins. The latter were separated by means 
of spacers, which formed an integral part of each fin. 
The fins were smaller and were more closely spaced 
than in the previous cases and were shrouded at the 
edges by thin metal strips. The finish was left bright. 
The dimensions are given in Table 6. The test results 
are indicated by Fig. 8 and the figures in Table 7 were 
obtained from these curves. 


TABLE 6—DiIMENSIONS oF HEATING Units AM anp AN 











} 

| AM | AN 
IN On oie che isle dun y vba’ 2 3 
Diameter of spacers (inches)............ 0.53 .53 
Length of tubes (inches)............... 26% 324% 
See OG NS webu beic sch ccces « 155 195 
Area of each fin (inches)............... | 2x 3% 2x 5% 
Direct heating surface (square feet)... ... 0.95 1.40 
Indirect heating surface................ 12.8 26.5 
Air inlet area (square feet)............. 0.71 0.86 
Air outlet area (square feet)............ 0.61 0.73 
Thickness of fins (inches)............... 0.016 0.016 


TasBLe 7—Data For Heatinc Units 4M ann AN TAKEN FROM 








Fic. 8 
AM AN 
Btu per hour at 
B.C eS Glee sig 5 Pie eed. 4,320 7,520 
b. 105-deg temp diff............... 1,950 3,920 
c. 55-deg temp diff................ 720 1,350 
—— - “ ‘ - ome 
b 
OS APE ee a eras ee 45.2 52.1 
a 
q percent.... ee | 16.7 18.0 
| saat 
Per cent of sleam curve at 
d. 105-deg temp diff............ tel 71.0 82.5 
e. 55-deg temp diff. eae ou 61.0 67.5 


The loss of output in this case is greater than before, 
being 18 to 29 per cent at 105 deg and 33 to 39 per 
cent at 55 deg. The outlet grille was too narrow for 
double anemometer readings so that air velocities for the 
left, center and right positions were recorded. The 
highest velocities were obtained in the center. It should 
be noted that the outlet area of the enclosure was less 
than the inlet area. 


Heating Unit AY 


This was similar in form to heating units 4M and AN, 
but was made entirely of cast iron, unpainted, the water 
or steam space being a rectangular cored hole passing 
through the center of the casting, with fins radiating 
on each side. The dimensions are given in Table 8. The 
test results are indicated by Fig. 9 and figures obtained 
from the curves are given in Table 9. 
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The losses in this case are 23 and 27 per cent at tem- 
perature differences of 105-deg and 55-deg, respectively. 
Other tests made on similar heating units with larger 
and smaller numbers of fins gave a similar relationship. 
The air velocities, as before, were at the left, center and 
right of the outlet, the highest velocities being obtained 
at the inlet end.. 

It was observed generally that the higher heating units 
gave outputs on hot water more closely approximating 
to those on steam than did.the lower ones. To check 
this, two heating units similar to AY were arranged in 
parallel, one above the other, so that the steam or water 
entered at the right end of both heating units and came 


TasBLE 8—DrimeENsIoNS oF HEATING Unit AY 








Length of radiator (inches)................... 28 
NS PETE TS ETE ee 100 
nO oi, viel, Shin de he pee 3% x3% 
Direct heating surface (square feet)............ 1.33 
Indirect heating surface (square feet).......... 17.5 
Air inlet area (equare feet)... .... 1.6.2.5. 008: 0.630 
Air outlet area (square feet).................. 0.845 
Thickness of fins (inches)................/.... 0.063 





Taste 9—Data For -HeatTinc Unit AY 














Buu per hour at 
is SIEM go's wan. vmciere! waiae: ois 4520 
0 EE ey eee 2200 
Tee RR See re oe 890 
lb 
- EC 6 ig SU nnd sv see eee Mas ek eeeken 48.7 
c 
q Per Cemt. 0... eee eee ee ee eee eee 19.7 
Per cent of steam curve at 
i, nie v0.0 ntente vee cond nnhn 77.2 
i cs «0 vibsin 0. 6ulwaidia'yssdipaledes 73.0 
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out on the left side. This increased the total output to 
14.5 per cent more than that of the single heating unit 
AY and made no difference in the ratio of hot water to 
steam output, which remained at about 77 per cent at a 
temperature difference of 105 deg. 

The single AY was then placed above and in series 
with the other two so that the steam or water entered at 
the right end of AY, came out on the left and then 
traversed the other two in parallel, from left to right. 
The output was then 18.4 per cent above that of the 
single heating unit AY, but the ratio of hot water to 
steam output was raised to 95 per cent, a considerable 
improvement. 

The next modification was to connect the heating 
‘nits in such a way that there was a vertical bank of 
three heating units in the enclosure, all operating in 
series. This arrangement increased the steam output 
at 150-deg temperature difference by 4.5 per cent as 
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compared with the previous case. The transmission with 
hot water, however, was not increased, so that the out- 
put ratio was reduced to 90.2 per cent. 

The final tests were made with two heating units 
similar to AY arranged in series and placed one above 
the other. The heat transmission on steam was slightly 
greater than that with the two heating units in parallel, 
but that on hot water was improved considerably. At a 
temperature difference of 105 deg the output on hot 
water was increased by 18 per cent, and the ratio of the 
heat transmitted with hot water to that with steam was 
raised from 77 per cent to 93.2 per cent. 


Heating Units AR, AS and BB 


These were all of similar construction, being com- 
posed of bent copper tubes with pressed sheets clamped 
and welded to them to form chimneys, as shown in Figs. 
10 and 11. Heating units AR and BB were of similar 
ratings, but different heights, and this comparison was 
made to indicate the influence of overall dimensions, 
particularly height, on the relationship between outputs 
on steam and water. The finish in all cases was black 
and the dimensions are given in Table 10. The results 
obtained are given in Figs. 10 and 11. The data in 
Table 11 have been taken from the curves. 

It will be noted that heating unit AR is the only in- 
direct unit in which the hot water output follows the 
same curve as that for steam, but that the other two of 
-he same type lose comparatively little. It is also note- 
worthy that these heating .units maintain this relation- 
ship as the temperature difference is reduced, whereas 
the other types lose more under those conditions. 

The air velocity figures show that the velocity reaches 
a maximum in the center of the air outlet. As in 
previous cases, the velocities at 2, 4 and 6 near the bot- 
tom of the air outlet are very small. A smaller en- 
closure could probably have been used with advantage 


in the case of heating unit AS. 
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Taste 10—Drimensions or Heatinc Unirs AS, AR ann BB 

















AS AR BB 
Diameter of tubes (inches)... ..... 1.0 1.0 1.0 
Height of chimneys (inches).......| 18% 18% 16% 
Number of sectiong............... 18 18 30 
Ne e's os ks Kise, bares 1 2 1 
Direct heating surface (square feet) . 2.83 5.7 4.15 
Indirect heating surface (square feet)} 41.13 | 64.8 59.34 
Air inlet area (square feet)........ 1.10 1.10 1.74 
Air outlet area (square feet)....... 1.69 1.69 2.4 





TasLe 11—Darta For Heatinc Units AS, AR anv BB 

















AS AR BB 

Btu per hour at 

a. 150-deg temp diff........... 6120 8900 9150 

b. 105-deg temp diff........... 3600 5600 5250 

c. 55-deg temp diff........... 1600 2410 2300 

: 58.9 63.0 57.5 

3 per ES PETE PE oe 58.¢ ‘ f 

- ER ela Re Goat ie 26.2 | 27.0 | 25.2 
Per cent of steam curve at 

d. 105-deg temp diff...........| 93.5 100 91.3 

e. 655-deg temp diff...........| 95.6 100 93.2 














Heating Units BE and BF 


These heating units consist of one and two rows, 
respectively, with 5 finned tubes in each, arranged 
diagonally in the enclosure, as shown in Fig. 12. The 
peculiar form of the end castings is designed to permit 
easy removal of the heating unit from the enclosure. 

The fins consist of spirals of copper or brass sur- 
rounding the tubes, the whole of the surface being 
coated with lead or solder, making good metallic contact 
at the joints. The dimensions are given in Table 12. 

The dampers supplied with the enclosures were kept 
fully open in all tests. The results are given in Fig. 12 
and the data in Table 13 were taken from the curves. 


Tas_teE 12—Dimensions or Heatinc Units BE ann BF 














Heatine Unit BE BF 
IP IPOUINED, ss cmceva we sicdccdete 5 10 
Diameter of tubes (inches)............. 34 34 
Length of finned surface (inches)........ 29% 291% 
Diameter over fins (inches)............ 1% 14% 
Direct heating surface (square feet)... .. . 3.5 6.2 
Indirect heating surface (square feet). . .. 16.5 32.9 
Air inlet area (square feet)............. 1.21 1.21 
Air outlet area (square feet)............ 1.10 1.10 

Conclusions 


An analysis of the figures given in the preceding para- 
graphs gives no definite indication of the features of 
design that are necessary for obtaining the best results 
on hot water. The output ratio appears to be inde- 
pendent of the ratio of direct to indirect heating surface. 

It is noticeable, however, that heating units such as 
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AO, AS, AR, and BB, in which the air passes more 
than once over a direct heating surface, give the highest 
output ratios. Also, the heating units with dull black 
finish appear to be better than those left in the bright 
condition, but the number and variety of experiments is 
not sufficient to prove this. 

The velocities of water and steam, respectively, through 
the heating units were calculated. The former vary 
from 1.03 to 17.97 fpm at a temperature difference of 
105 deg, and the latter from 54.6 to 955 fpm. Again no 
relationship was observed between these velocities and 
the ratio of heat outputs. 

The coefficients of heat transmission were then com- 
puted for each heating unit, the figures for steam being 
plotted in Fig. 13 from 110 F upwards, and for water 
from 110 F downwards. This division is purely arbi- 
trary but corresponds fairly well to the usual working 
range in each case. The variation in these coefficients is 
remarkable, ranging as it does from over 2.0 to less than 
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TABLE 13—DatTa For Heatinc Units BE anp BF 





Heatine Unit BE BF 





Btu output at 








a. 150-deg temp diff................ 6000 9880 
b. 105-deg temp diff................ 3250 4800 
c. 55-deg temp diff................ 1260 1820 
b . 

qG per cemt.........-...-eee eee eees 54.2 48.6 
ie MMI sass 5 Sis choreas tasieas 21.0 18.2 





Per cent of steam curve at 








d. 105-deg temp diff................ 86.2 77.5 
(| Pre ere 77.8 68.5 
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0.9 Btu at the standard temperature difference of 150 
deg. It is also evident that the higher coefficients are 
associated with the greater differences between steam 
and hot water outputs and that heating units 4O to AR 
(Fig. 13) having the higher output ratios, have very 
low heat transmissions, 

The ordinary cast-iron radiators BC and BD, when 
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Fic. 13—CorrFricieNts oF TRANSMISSION oF HEATING UNITS 
AT Various TEMPERATURE DIFFERENCES 


tested bare, have almost exactly the same heat transmis- 
sions per square foot for one degree temperature differ- 
ence, in spite of their different proportions, and are in- 
cluded for Comparative purposes. 

The results may, therefore, be summarized as follows: 


1. The output of a gravity convector (concealed radiator) 
varies with the area of the air inlet which may be too large 
to give the best efficiency. 

2. The best form of stack is that with vertical sides. In- 
creasing the area at the top may reduce the output consider- 
ably. 

3. When placed under a window, down draft and. conse- 
quent inefficiency may be avoided by putting the air outlet in 
the front of the enclosure instead of at the top. 

4. The heat output with hot water is usually less than 
that expected from steam tests. The amount of loss appears 
to depend more on the disposition of the direct heating sur- 
face than on the relative amounts of direct and indirect sur- 
face. It may also bear some relation to the finish of the sur- 
face, whether bright or dull. 

5. The distribution of air across the outlet is seldom uni- 
form. In most cases the greatest velocity is obtained on that 
side of the heating unit at which the steam or water enters. 
Most of the air is emitted from the top three or four inches 
of the outlet slot or grille. 

6. The difference between the temperatures of the direct 
and indirect heating surfaces were generally less than 1 


F, except in the case of AY, where consistent differences 
of 1% to 2 deg were observed. 


It follows that if the direct 





heating surface is the more efficient, this is probably due to 
the fact that in most cases the air flow is perpendicular to 
the direct heating surface and parallel to the indirect heating 
surface. 

7. The coefficient of heat transmission varies considerably 
in heating units used as gravity convectors, but generally the 
higher ratios of hot water to steam outputs are obtained with 
the surfaces that are lightly loaded from a heat transmission 
standpoint. 


This research was conducted under the auspices of 
the School of Engineering Research of the University of 
Toronto. The author’s thanks are due to the authorities 
of the University and to Prof. R. W. Angus for the 
facilities provided; also to E. B. Hymmen, who was 
largely responsible for the actual experimental work, and 
to D. T. Hewson, who assisted in this work. 





Output of Wall or Cabinet Convectors 


It has been the practice to state the output of direct 
radiators in terms of the equivalent square foot of heat- 
ing surface. With the development of convection-type 
heating units (extended surface units) the same pro- 
cedure has been followed. However, an extended sur- 
face heating unit is entirely different structurally and 
physically from that of a direct radiator and since it has 
no physical measurement corresponding to the square 
foot of heating surface of a direct radiator, many en- 
gineers believe that heating units of this type should be 
rated in Btu output, rather than in equivalent square 
feet of heating surface. 

Convection-type heating units usually maintain room 
temperatures equivalent to those produced by exposed 
heating units with less steam consumption. This char- 
acteristic of the performance of convection-type heating 
units has been termed heating effect. Heating effect is 
attributed to (1) the minimization of radiant emission 
(2), the fact that the air which passes upward through 
a convection-type heating unit is drawn by gravity from 
the coolest strata in the room, i.e., that at the floor level 
and (3) the heated air emitted from the air outlet of 
the enclosure is generally projected out into the room 
instead of rising directly to the ceiling. 

The general effect of an enclosure placed about a 
heating unit of the type used as a direct radiator is to 
decrease the amount of steam that the unit will condense 
per hour and thus to reduce the amount of heat given 
off by the unit. The results of investigations at the 
University of Illinois indicate that only where the en- 
closure is made much higher than the heating unit, 
thereby reducing a chimney effect, is the condensation 
rate equal to or greater than that of an identical radia- 
tor unenclosed. The effects produced by an enclosure 
are dependent upon its design, so that the following re- 
sults may be produced: 

1. Better distribution of the heat below the breathing line 
level to produce greater heating comfort and lowered ceiling 
temperatures. 

2. The lessened steam consumption may not materially change 
the heating performance. 


3. The enclosed radiator (convector) may inadequately heat 





the space, 
1 Effect of — 1) — | on a ag Performance, b P. Kratz and 
M. K. Fahnestock (A. S. H. . Transactions, Vol. 33, 1927). 
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NOMINATIONS FOR 1932 








The Nominating Committee appointed to select can- 
didates for Officers of the Society for the coming year, 
1932, takes pleasure in submitting the following list of 
nominees : 

For President: 

F, B. Rowtey, Minneapolis, Minn. 


For First Vice-President: 
W. T. Jones, Boston, Mass. 


For Second Vice-President: 
C. V. Haynes, New York, N. Y. 


For Treasurer: 
F. D. Menstnc, Philadelphia, Pa. 


For Members of the Council: 
Three-Year Term 


F, E. Gresecke, College Station, Texas. 
G. L. Larson, Madison, Wis. 

J. F. McIntire, Detroit, Mich. 

W. E. Stark, Cleveland, Ohio 


Respectfully submitted, 
NOMINATING COMMITTEE 


R. C. Borsincer, Chairman 


Chapters Representative 
Cleveland H. M. Nosts 
Illinois H. M. Harr 
Kansas City N. W. Downes 
Massachusetts Davip MouLtTon 
Michigan J. F. McIntrme 
Minnesota M. S. WuNDERLICH 
New York RussE_t DONNELLY 
Western New York F. H. Burke 
Ontario H. J. Caurcu 
Pacific Northwest E. O. Eastwoop 
Philadelphia R. C, Borsincer 
Pittsburgh F, C. McIntosH 
St. Louis C. A. Pickett 
Southern California R. L. Grrrorp 
Wisconsin E. A. Jones 


In accordance with the provisions of the Amended 
Constitution, as given, ballots containing the names of 
the above candidates will soon be sent to the membership 
for voting upon prior to the Annual Meeting in January. 


Art. 9—Section 2. The Nominating Committee shall consist 
of a member designated by each Chapter, which shall effect its 
own organization and elect its own Chairman. 


Section 3. The Committee may meet at the call of the Chair- 


man, for discussion, but the official meeting shall be held at the. 


Semi-Annual Meeting of the Society, at which time the cand& 


dates for each of the offices of the Society to be filled at the next~ 


Annual Meeting shall be selected by a majority vote of the 
members of the Committee present and voting. Five shall con- 
stitute a quorum. 

Section 4. The Committee shall first secure the consent of all 
candidates selected, and shall, if possible, announce the names of 
the candidates at the Semi-Annual Meeting, but in any case the 
names of the candidates shall be certified to the Secretary of 


the Society at least four months before the next Annual Meeting. 
The Secretary shall publish these names in the October issue of 
THE JOURNAL, 


Art. 10.—Section 3. The Secretary shall prepare ballots with 
the names of all candidates and forward them to the members at 
least thirty (30) days before the date of the Annual Meeting. 


Nominations for Members of Committee 
on Research 


Although committees of the Society are usually ap- 
pointed, in view of the great importance of the Com- 
mittee on Research and the financial responsibility it 
would be called upon to assume, it has been made more 
representative of the entire membership of the Society 
by a process of election. The election is governed by 
the By-Laws for the election of officers, with the single 
exception, that Members of the Committee on Research 
are nominated by the Council instead of by a Nominat- 
ing Committee. 

In accordance with the Regulations for the govern- 
ment of the Research Laboratory, adopted at the 
January, 1919, Meeting, and revised January, 1930, the 
Council announces the nomination of the following mem- 
bers of the Committee for election to succeed those 
members whose present terms expire January, 1932: 


D. E. Frencu, Philadelphia, Pa. 

F. E. Gresecke, College Station, Texas 
A. P. Kratz, Urbana, IIl. 

G. L. Larson, Madison, Wis. 

L. A. Harpinc, Buffalo, N. Y. 


The regulations governing the nomination and 
election “of members of the Committee on Research 
are as follows: 


Section I—OrGANIZATION 


Research Committee 


1. There shall be a standing committee known as the Research 
Committee, consisting of fifteen members, each serving for three 
years, and five retiring each year. 

a. The Council shall nominate previous to October first of 
each year five members to fill the vacancies of those retiring at 
the next Annual Meeting. 

b. The nominations made by the Council shall be published 
in the October issue of the Society’s JouRNAL. 

c. Prior to December first of any year, any ten members, over 
their own signatures, may nominate one or more additional mem- 
bers of the Research Committee, and such additional nomina- 
tions shall be placed on the ballot opposite the nominations made 
by the Council. 

d. The election shall otherwise conform to the regulations 
provided for the election of officers of the Society. 

e. Vacancies may be filled by the Council, such persons chosen 
by the Council to serve until a successor is elected at the next 
Annual Meeting. 
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D. E. Frencu Pror. F. E, Gresecke 
Newark, N. J. Austin, Texas 





Pror. A. P. Kratz 
Urbana, III. 





Pror. G. L. Larson L. A. Harpinc 
Madison, Wis. Buffalo, N. Y. 
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Cleveland Prepares 
Kor Meeting and Exposition 


HERE is every indication that Cleveland will be the capi- 

tal of the Heating World in January when the Annual 

Meetings of the A. S. H. V. E. and the A. S. R. E. are held 
contemporaneously with the 2nd International Heating and Ven- 
tilating Exposition. The Society will make its headquarters 
in the Hotel Statler and the refrigerating men will gather at 
the Hotel Cleveland. Joint meetings of the two Societies will 
be held in the Little Theater of the Cleveland Auditorium adja- 
cent to the Exposition. 

Sessions and social events have been planned by the arrange- 
ments committee with the idea of giving members an opportu- 
nity of attending the functions of both Societies and also to have 
ample time to visit the Exposition, where an extensive display 
of equipment will be shown in operation. The laboratories of 
manufacturers have brought forth many ingenious devices that 
will be offered for public inspection for the first time at the 
Exposition. A representative number of manufacturers of heat- 
ing, ventilating and refrigerating equipment will have exhibits, 
so that the success of the undertaking is assured. Already two- 
thirds of the available exhibit space has been contracted for and 
every section of the industry will be represented. 

The various allied associations will have booths, among which 
are the A. S. H. V. E., A. S. R. E., the National Warm Air 
Heating Association, A. G. A., American Oil Burner Associa- 
tion and the Heating & Piping Contractors Association. With 
this interest manifest it is expected that this show will surpass 
the record attendance in 1930 when 57,000 visitors were regis- 
tered. 

On Oct. 7, the joint Committee on Arrangements met at the 
Hotel Statler, Cleveland, and under the guidance of Messrs. 
Weager and Keith various entertainment features were dis- 
cussed. An event of universal appeal will be a trip to Akron to 
the plant of the Goodyear-Zeppelin Corp. where the dirigible 





Akron is housed. It is hoped that the big ship will be in the 
hangar at that time. 

According to the tentative program, Monday, January 25, is 
reserved for Registration, Committee and Council meetings and 
a joint dinner for the Officers and Council members of the two 
Societies. 

The opening session is to be held at the Hotel Statler at 10 o’clock 
Tuesday morning and in addition to various committee reports 
two technical papers will be given. An entire afternoon has 
been reserved for a discussion of two important committee 
reports, namely: Committee on Ventilation Standards and Com- 
mittee on Revision of Constitution and By-Laws. 

On Wednesday and Thursday mornings, joint sessions of the 
two Societies are to be held in the Little Theater of the Cleve- 
land Auditorium. This room, seating 800, is adjacent to the 
Exposition. Thursday afternoon the session will be held at the 
Hotel Statler, as will the final session on Friday morning. 


The entertainment program is varied and attractive, each So- 
ciety providing special features for the ladies and arranging for 
several joint events. The annual banquet and dance of the A. S. 
R. E. will be held on Wednesday and the A. S. H. V. E. ban- 
quet will come on Thursday night so that members interested 
in both organizations will have an opportunity of attending 
both functions. 

Members should be making plans to come to Cleveland in 
January. Every encouragement is offered in the way of low 
hotel rates, reduced railroad fare and a splendid program of 
technical papers and social gatherings. The opportunity for dis- 
cussion of engineering subjects, the personal contacts and the 
varied attractions of the Exposition combine to make this 38th 
Annual Meeting of the A. S. H. V. E. an outstanding event in 
the history of the profession and industry. 
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LittLe THEATER IN CLEVELAND Pusiic HALL 


38th ANNUAL MEETING 


AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


January 25-29, 1932 
Hotel Statler, Cleveland, Ohio 


Monday—January 25th 


10:00 A. M.—Meeting of the Council 

12:30 P. M.—Luncheon for Officers and Authors 

2:00 P. M.—Meeting Committee on Research 

7:00 P. M.—Joint Dinner-Meeting of the Councils of A. S. 


H. V. E. and A. S. R. E. and their wives (Hotel 
Cleveland) 


Tuesday—January 26th 


10:00 A. M.—First Session (Ballroom Hotel Statler) 
Address of Welcome 


Greeting by Pres. W. H. Carrier 
Report of Tellers of Election 


Report of Council 
Technical Papers (two) 
Report of the Finance Committee 
Report of the Secretary 
2:30 P. M.—Report of Committee on Ventilation Standards 
Discussion—Revision of Constitution and By-Laws 
7:30 P. M.—Inspection of Second Heating and Ventilating Ex- 
position 
9:00 P. M.—Informal Reception and Dance for A. S. H. V. E. 
and A. S. R. E. members (Hotel Statler) 


Wednesday—January 27th 


10:00 A. M.—Third Session (Cleveland Auditorium) 
Joint Meeting with A. S. R. E—Program arranged 
by A. S. H. V. E.—Pres. W. H. Carrier presiding 


2:00 P. M—tTrip to Akron (Goodyear-Zeppelin Hangar) 

7:00 P.M.—Dinner for Past-Presidents and Wives (Hotel 
Statler ) 

8:00 P. M.—Inspection of Second Heating and Ventilating Ex- 





position 





Thursday—January 28th 


10:00 A. M.—Fourth Session (Cleveland Auditorium) 
Joint Session with A. S. R. E.—Program arranged 
by A. S. R. E.—Glen Muffly presiding 

2:30 P. M.—Fifth Session 
Technical Papers (three) 

7:00 P. M.—Annual Banquet and Dance (Hotel Statler) 


Friday—January 29th 
10:00 A. M.—Sixth Session (Hotel Statler) 
Technical Papers (two) 
Installation of Officers 
Resolutions of Officers 
Adjournment 


12:30 P. M.—Luncheon and Meeting of Council 
2:30 P. M.—Inspection Trip to Cleveland Industrial Plants 


COMMITTEES 
T. A. Weager, General Chairman 


Finance: Walter Klie, chairman; W. E. Stark and H. M. Nobis. 


Banquet: W.C. Kammerer, chairman; C. W. St. Clair, Vincent 
Eaton. 

Reception and Registration: C. F. Eveleth, chairman; F. A. 
Kitchen, C. Gottwald. 

Transportation and Inspection Trips: 
C. J. Deex, J. E. Beyer. 


R. G. Davis, chairman; E. H. Pogalies, S. H. 


F. H. Morris, chairman; 


Entertainment: 
Givelber. 


Publicity Committee: M. F. Rather, chairman; D. E. Humphrey. 


A. S. R. E.: D. F. Keith. 
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* Local Chapter Reports 








Massachusetts 


October 5, 1931. The Massachusetts Chapter of the Society 
held the first of the fall meetings at 16 Haywood Place, Boston. 

In the absence of President Moulton, D. S. Boyden welcomed 
the 41 members and guests, who had assembled at luncheon, and 
presented a communication from C. V. Haynes regarding the 
Research ‘work of the Society. The members present indicated 
their support of the work being dofie by the Committee on Re- 
search. ; 

J. A. Flemings, Detroit Stoker Co., presented an interesting 
talk on the different kinds of stokers for heating boilers and 
their respective merits, and gave data regarding the proper size 
of combustion chambers. : 


_- Pittsburgh 


October 5, 1931. Thé regular monthly meeting of the Pitts- 
burgh Chapter of the AMERICAN Society oF HEATING AND VEN- 
TILATING ENGINEERS was held at the Keystone Athletic Club, 
with 72 members and guests in attendance. After the usual rou- 
tine of business was attended to, Pres. W. H. Carrier addressed 
the members and guests on Servicing the Human Power Plant, 
which was one of the most interesting and instructive talks pre- 
sented before the Chapter: - sili 

President Carrier brought out the point that a large part of 
the research had been done at the Society’s Research Laboratory 
in Pittsburgh, under the direction of F. C. Houghten, who is 
Director. He then explained that buildings are heated, not to 
heat the human beings in them, but rather to furnish an atmos- 
pheric condition that will serve to retard the dissipation of heat 
from the human body. Air conditioning is merely the supplying 
of those factors which will cause the human organism to react 
comfortably, by controlling the temperature and quality of the 
air. A human being is really a power plant or heat engine, 
considered physiologically, his food being converted into mechani- 
cal energy. By means of slides, President Carrier explained the 
heat and moisture loss data resulting from temperature, humidity, 
and air motion studies made in the Laboratory, and also brought 
out the relation of these data to air conditioning and man’s comfort. 

He described the different systems used for air distribution and 
conditioning in general, and compared them. He stated that 
the problems of ventilating are largely the same as those of air 
conditioning, and went further in saying that we have definite 
knowledge today of the ventilation requirements from a thermal 
basis, but there is still a great field left unexplored. A rising 
vote of thanks was tendered to President Carrier by the members 
and guests in appreciation for his enlightening talk. 

At the close of the talk, a number of excellent questions were 
raised from the floor, and full discussion was participated in. 
T. N. Adlam, a member of the British Institution of Heating and 
Ventilating Engineers, Birmingham, England, who is visiting 
this country, brought up several interesting points. 

C. W. Farrar, Buffalo, who is chairman of the Membership 
Committee, gave a very brief but interesting talk concerning 
membership in the Society. In his inimitable way he suggested 
the slogan “Every member get a member.” 


Toronto 


October 5, 1931. The first regular meeting of the 1931-32 
season of the AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS was held at the Prince George Hotel, with an attend- 
ance of 24 members. 

Following dinner, Pres. H. S. Moore announced the acting 
chairmen for the various committees for the coming year as fol- 


g 


? 
lows: E. R. Cauley—Publicity and Entertainment; J. S. Wood— 
Attendance Committee; W. R. Blackhall—Membership Com- 
mittee, © 

The réport on the recent meeting held at the City Hall on the 
question’ of Smoke Abatement in the downtown section of the 
city of Toronto, which was presented by M. F. Thomas, was 
accepted. by the Chapter. A. S. Leitch made the motion to 
accept it and H. J. Church seconded the motion. Mr. Leitch 
then read a statement of the research activities of the Society in 
1931. 

President Moore made a special appeal to the members to be 
present at the next meeting, which is scheduled for November 
10, at which Pres. W. H. Carrier will be principal speaker of 
the evening. The subject of President Carrier’s address will be 
“Economic Viewpoint in Air Conditioning for Human Comfort.” 

Mr. Church extended a vote of thanks to the Entertainment 
Committee for the excellent way in which they handled this 
opening meeting. 

Later in the evening the members adjourned to Karry’s Bowl- 
ing Alley where they enjoyed a pleasant evening of bowling. 


R. E. Jones Joins Thermo-Service 


Raymond E. Jones is now in charge of the Philadelphia terri- 
tory for Thermo-Service, Inc., with offices in the Lafayette 
Building, according to a recent announcement. Mr. Jones has 
an extended acquaintance in the heating field through his many 
years as representative of the American Radiator Co., Spencer 
Heater Co., and lately as president of Haynes Selling Co. He 
has been active in organization affairs and served as President 
of the Phildelphia Chapter, A. S. H. V. E. 


Cleveland Engineering Society Selects New 
Quarters 


The Cleveland Engineering Society, which had been located 
in Carnegie Hall for many years where it has enjoyed the use 
of the club rooms, meeting room, exhibition hall and general 
offices, is now located on the fourth floor of the Hanna Building 
on Euclid Avenue in Cleveland. The new location will provide 
the same facilities as the club had in the past with some additions 
and improvements. 


Bituminous Coal Conference November 
16-21, 1931 


The 3rd International Conference on Bituminous Coal will be 
held at the Carnegie Institute of Technology, Pittsburgh, No- 
vember 16 to 21, 1931. 

The purpose of the Congress is similar to those held in 1926 
and 1928 by the Institute, which were to present for discussion 
the results of recent studies of coal, emphasizing improved meth- 
ods of utilization and their economic value. 

Among the subjects to be discussed at this Conference are: 
Coal as locomotive and steamship fuel; coal in the electric and 
gas industries; competition of coal with other fuels in heating 
buildings; coal in the metallurgical industries; coal and its by- 
products in the chemical industries; problems of coking; origin 
and classification of coals; cleaning and preparation; mechanism 
of combustion; pulverized coal; relationships of coal, oil, and 
natural gas; coal versus water power; hydrogenation and lique- 
faction of coal; fertilizers from coal; economics of low tempera- 
ture carbonization; storage and weathering of coal; smoke abate- 
ment; and stream pollution. 
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Employment Survey 








An employment survey was | 
instituted recently in the inter- | 
est of A.S.H.V.E.membersand | 
the return cards already received 
indicate an immediate demand 
for the services of several types 


of engineers. 


Inquiries should be addressed 
tu the Headquarters office of the | 
Society, 51 Madison Ave., New | 
York, N. Y., by those interested | 


in employment opportunities. 

















Grand Rapids Members Meet 


A group of thirty members and prospective members gathered 
in Grand Rapids on October 8, and voted to petition the Coun- 
cil of the Society for a charter authorizing the organization of 
a local chapter in that city. 

With O. D. Marshall acting as chairman of the meeting, J. R. 
McColl, Detroit, was introduced and briefly outlined the His- 
tory of the Society. W. A. Rowe, Detroit, talked on the Cur- 
rent Activities of the Society and J. F. McIntire explained the 
Benefits of Chapter Membership. The regulations governing 
chapter organization and operation were given in detail by A. 
V. Hutchinson, Secretary of the Society, who also told about 
the policy other chapters followed in arranging programs that 
would be entertaining and instructive. 


The feature of the evening was the address of Pres. W. H. 
Carrier, who told of the practical value of research in the estab- 
lishment of standards of ventilation. He gave the assembled 
members an intimate glimpse of the valuable work being done 
in the Society’s Laboratory for the benefit of the whole pro- 
fession and the public. 


Due to the efforts of W. W. Bradfield, W. J. Carroll and 
others, the following men were in attendance: 


W. W. Bradfield, Grand Rapids, Mich.; W. L. Taze, Grand 
Rapids, Mich.; C. H. Morton, Grand Rapids, Mich.; Karl L. 
Ziesse, Grand Rapids, Mich.; Will J. Pulte, Grand Rapids, 
Mich.; C. Lammers, Grand Rapids, Mich.; P. T. Busch, Grand 
Rapids, Mich.; O. J. Dykman, Grand Rapids, Mich.; John J. 
Wieland, Grand Rapids, Mich.; Jos. J. Troske, Grand Rapids, 
Mich.; J. Stuart Knee, Grand Rapids, Mich.; Chas. H. Alexan- 
der, Grand Rapids, Mich.; Wm. A. Rowe, Detroit, Mich.; H. 
Christenson, Battle Creek, Mich.; J. F. Johnston, Jr., Ferrys- 
burg, Mich.; C. J. Walsh, Ferrysburg, Mich.; E. W. Jaynes, 
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Grand Rapids, Mich.; J. M. Jaynes, Grand Rapids, Mich:; Jo- 
seph Van Rossum, Grand Rapids, Mich.; W. J. Carroll, Grand 
Rapids, Mich.; W. J. Temple, Kalamazoo, Mich.; V. C. Dean, 
Grand Rapids, Mich.; C. R. McConner, Kalamazoo, Mich.; 
S. H. Downs, Kalamazoo, Mich.; J. R. McColl, Detroit, Mich.; 
W. H. Carrier, Newark, N. J.; O. D. Marshall, Grand Rapids, 
Mich.; J. F. McIntire, Detroit, Mich.; A. V. Hutchinson, New 
York City. 


Indianapolis Members Entertain 
President Carrier 


At a luncheon meeting October 15, Indianapolis members and 
guests of the Society assembled at the Chamber of Commerce 
to hear Pres. W. H. Carrier speak on the importance of re 
search in establishing ventilation standards. 


J. J. Hayes presided and introduced the President, whose talk 
was thoroughly enjoyed by those in attendance. 


November Council Meeting in 
Buffalo 


A meeting of the Council has been called for November 9 
at the Hotel Statler, Buffalo, N. Y., by President W. H. Car- 
rier. Some of the matters to be considered are the Annual 
Meeting Program, the Report of the Committee on Code for 
Testing and Rating Unit Ventilators and the Report of the 
Committee on Journal Contract. 

The Western New York Chapter is to meet in the evening 
at the Hotel. Buffalo and the Officers and Council members will 
be special guests and President Carrier is to be the featured 
speaker. The title of his talk will be Servicing the Human 
Power Plant, which deals with the effect of temperature, hu- 
midity and air motion on physiological reactions. 

On the night of November 10, President Carrier will speak 
at the November meeting of the Ontario Chapter in Toronto. 





Members to Nominate Candidates 
for Anderson Medal 


' Poe Committee on Award of the F. Paul Ander 
son Medal extends an invitation to all members 
of the AMERICAN Society oF HEATING AND VENTI- 

LATING ENGINEERS, to submit the names of candidates for 

the first award of the F. Paul Anderson Medal, to be 

made at the 38th Annual Meeting of the Society January, 

1932. 

The conditions are briefly as follows: 


1. Any member of the American Society or HEeatiInGc Anpb 
VENTILATING ENGINEERS in good standing during 1931 is eligible 
for nomination.. 

2. Each nomination sent to the Committee og Award must 
be accompanied by a statement of the candidates accomplish 
ments specifically mentioning the work done 
formed and indicating in what way such work or services have 
been outstanding in the field of heating, ventilating or air 
conditioning, during any year or years prior to 1931. 

3. All nominations must be in the hands of the Committee 
on November 30, 1931, and are to be addressed: Committee on 
Award of the F. Paul Anderson Medal, c/o Secretary, American 
Society oF HeaTING AND VENTILATING ENGtNerRS, 51 Madison 
Ave., New York, N. Y. 


or services per 


The personnel of the Committee on Award is as follows: 
Prof. A. C. Willard, Urbana, Chairman; Thornton Lewis, 
Newark, N. J.; L. A. Harding, Buffalo; F. B. Rowley, 
Minneapolis; W. T. Jones, Boston and F. C. McIntosh, 
Pittsburgh. 
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CANDIDATES FOR MEMBERSHIP 





The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


Membership Committee as soon as possible. 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 
vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 8 applications for mem- 
bership have been received and the names of these men and their sponsors are published in the following list. 

Members are requested to scrutinize the list with care. The Membership Committee, and in turn the Council, urge the mem- 
bers to assume their share of the responsibility of receiving these candidates into membership by advising ¢’:e Secretary promptly 


of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some members by November 10,1931, these candidates will be balloted upon by the Council. Those 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 
Fox, Orro, Vice-Pres., The Bryant Heater & Mfg. Co., Cleve- 
land, Ohio 


Humpureys, Crark M., Carnegie Institute of Technology, 
Pittsburgh, Penna. 


Rypett, Cart A., Carrier-Lyle Corp., Buffalo, N. Y. (Ad- 
vancement ) 


ScHWEIKERT, JOHN N., Vice-Pres., The Bryant Heater & Mfg. 
Co., Cleveland, Ohio 


Stayter, GAMES, Pres., Games Slayter, Inc., Cons. Engrs., 
Detroit, Mich. 


Tarr, Harotp M., 21 Montgomery St., Arlington Heights, 
Mass. 


TEMPLE, WALTER J., J. A. Temple Co., Kalamazoo, Mich. 


Voce.spacn, Oscar, Chief Engineer, Guilbert & Betelle, Archts., 
Newark, N. J. 


REFERENCES 
Proposers Seconders 
W. E. Stark L. C. Harvey 
J. E. Kinner 


F. C. Houghten C. W. Wheeler 
J. L. Blackshaw H. E. Digby 


V. S. Day . 
G. G. Schmidt 

W. E. Stark L. C. Harvey 
J. E. Kinner 


M. S. Kice, Jr. 
H. E. Paetz 


W. A. Rowe 
J. D. Hoffman 


Leslie Clough 
D. S. Boyden 


A. Gale Schanze 
F. P. Gilmore 


W. W. Bradfield 
C. H. Morton 


D. L. Taze 
J. J. Troske 


M. G. Hook 


E, A. Vivarttas 
G. G. Schmidt 


A. Pieron—Non-Member 


Candidates Elected 


In the past issues of the JourRNAL of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 


We are 


now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 


MEMBERS 


Ovurvusorr, Leon, Washington Gas Light Co., Washington, D. C. 

Taze, Donovan Lona, Dist. Mgr., American Blower Corp., Grand 
Rapids, Mich. 

WeINER, RaymMonp Louis, Gibbs & Hill, New York, N. Y. 


WINTERBOTTOM, RALPH F., Engr., Winterbottom Supply Co., 
Waterloo, Iowa. ( Reinstatement) 


ASSOCIATES 


Buscu, Putsre J., Salesman, American Radiator Co., Detroit, 
Mich. 


DyKMAN, OrrtE Joun, Heating & Plumbing Contractor, 818-24 
Lake Michigan Dr., Grand Rapids, Mich. 

Fincu, STANLEY B., Supervisor, Architects and Builders Divi- 
sion, Brooklyn Union Gas Co., Brooklyn, N. Y. 

LAMMERS, CoRNELIUS, Superintendent, Glendon A. Richards Co., 
Grand Rapids, Mich. 

MarRSHALL, Orvitte D., Sales Engr., Illinois Engrg. Co., Chi- 
cago, Ill. 

Morton, CHartes H., 524 Murray Bldg., Grand Rapids, Mich. 

Troske, JosepH Jonn, Vice-Pres. & Genl. Mgr., Vander Waals- 
Troske Co., Inc., Grand Rapids, Mich. 


982 

















Heating: Piping 


aiAir Conditioning 


EDITORIALS 





Excessive 
Competition 


What is excessive competition? It would be inter- 
esting to find out what it is and how it operates in the 
fields of heating, piping and air conditioning if it be 
true, as at least one economist maintains, that the busi- 


ness depression is due to excessive competition. He 
cites an example: 
A manufacturer sees his competitor forging ahead. 


He decides that he has run long enough on the con- 
servative policy of quality, adequate price and con- 
sistent salesmanship. 

He says, “We must increase our sales fifty per cent 
this year.” He puts it up to the salesmen, “If you can- 
not sell your quota do not come back home.” Quality 
is cut to make an attractive price and to undersell 
others. Next year the same story. Another increase 
of fifty per cent in production and sales. The stuff 
must be sold. To the salesmen, “Get business honestly 
if you can, but get business.” The sales manager pins 
his faith to high-pressure selling and high-pressure ad- 
vertising. “Clever salesmanship and advertising,” he 
says, “can sell doorknobs in a community of tents.” 
He may preach honesty, but the salesmen know he 
means “Sell, sell, sell. Truth, quality, price—juggle 
them as you will, but sell.” 

Any high-school boy should be able to figure out the 
probable result. Sooner or later the buyer will protest. 
He will set up barriers against such salesmanship and 
such advertising. He will refuse to buy. When a suf- 
ficient number of buyers become of such a mind, there 
will be a business depression, and the great majority 
of honest manufacturers suffer along with the few who 
started it all. Such a competitor is like a reckless auto- 
mobile driver, a menace not only to himself but to 
everyone else on the road. 

There are examples of excessive competition in the 
heating, piping and air conditioning fields. In buying 
many types of heating, piping and air conditioning 
equipment, the first cost is not always given its proper 
relative importance. 


For instance, more important than first cost of pipe 
insulation is the quality of the insulation and the quan- 
tity applied. For if it be lacking in quality or quantity 
the buyer pays not only once but many times and year 


after year. He pays in increased fuel bills, reduced 


capacity and increased labor and maintenance costs. 
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The archi- 


And it is not only the owner who pays. 
tect pays, the consulting engineer pays, the plant engi- 
neer pays, the stockholders pay and the public pays 
because first cost was permitted to overshadow other 
and greater considerations. It may be the net saving 
per year and not the saving in the first cost that is 
important. 

An eminent engineer said recently that more econo- 
mies can be effected by correct pipe insulation than by 
But 
amount that may be saved or the type or amount of 


any other detail of construction. too often the 
insulation which should be used is arrived at by guess- 
ing. It may be just as bad to use too much as too little. 
The critical point between economy and waste readily 
may be determined, however, by the proper use of 
one-tenth of a cent’s worth of graphite from the end 
of a good lead pencil properly applied to a sheet of 
paper by a competent and conscientious engineer. 

Proper sales engineering—backed by clear and con- 
scientious advertising—will do much to develop a con- 
fidence and maintain a prestige which will weather the 
storms of business depressions, while those who indulge 
in excessive competition and are partly responsible for 
the storms become its victims. 


‘* Professor 
of Economy” 


By revising the lay-out of its air piping systems, a 
large mine obtained important savings in the cost of 
maintenance and the cost of power. In an art museum, 
valuable exhibits are prevented from deteriorating by 
the introduction of air maintained at the proper humid- 
ity. 
low pressure steam for testing, process and heating by 


An industrial plant supplies high, intermediate and 


means of piping systems designed to accomplish the de- 
sired purposes economically. Through careful study of 
the problem, a power plant is assured that the flanged 
joints in its high temperature steam lines will have 
long life. 

These are but a part of the “economy articles” which 
are published in this issue. They will point the way 
for many engineers to make savings in their own plants 
and structures. Every article and advertisement has a 
personal significance to the careful reader. Experi- 
ence is a wonderful teacher, but the pririted word is a 
lot less expensive and represents the experience of 


many. It should be used freely. 
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Survival of 
the Fittest 


At a recent joint meeting of the American Society 
for Testing Materials and the Western Society of En- 
gineers, Frank D. Chase, president of the W, S. E., 
said in part: 

“This nation faces today, as never before, a period 
of intense industrial competition, both at home and 
abroad. It is a time of the ‘survival of the fittest’— 
and there is only one way in which we can survive, 
either as individuals or as a nation, and that is by the 
introduction and practice of economies, in materials. 
methods and processes, to secure reductions in manu- 
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facturing or production costs.” Mr. Chase went on to 
stress the role the A. S. T. M. plays in the field of 
economics in industry. 

The correct application of engineering principles to 
the design, the installation and the maintenance of heat- 
ing, piping and air conditioning systems in industrial 
and commercial buildings and other properties is a 
necessary adjunct to the attainment of minimum pro- 
duction costs. It is the duty of the engineer to his 
client or employer to recommend the purchase of that 
equipment which will promote efficiency, to see that it 
is installed in a manner which will enable its proper 
function to be fulfilled, and to maintain it so that its 
full effectiveness can be realized economically. 





the year ’round. 


As a business pro, 





Air Conditioning Plays an 
Important Part in Our Lives 


The powerful effect of air environment on the human body 
and mind is becoming more and more widely recognized. In 
industrial plants, comfortable atmospheric conditions play no 
small part in improving the efficiency and health of the workers; 
in offices, mistakes and “let-downs” are minimized by air of 
the proper temperature, humidity, and air motion; in schools, 
growth and development of the children is dependent to some 
extent on the maintenance of air of the necessary purity and 
physical characteristics; more and more hospitals are providing 
cooled air, particularly to protect infants from excessive heat of 
summer, in dddition to providing filtered and conditioned air 


ition, the necessity of air conditioning for 
theaters, restaurants, hotels, etc., is already well recognized, and 
air conditioning for the benefit of materials in process is so es’ 
sential that its application is wide. 


It is encouraging to note the increasing attention being given 
to air conditioning for health and comfort, such as that accorded 
it by the committee on growth and development, White House 
conference on child health and protection. 


Air conditioning has an important role to play—one that is 
growing in importance ds time goes on. 

















Sd 


Installing 
Industrial Air 
Piping 
+ 


W. H. Wilson’s Monthly 
Discussion of the Problems 


He Meets From Day-to-Day 


Proper installation of the pipe lines for industrial use 
requires careful consideration in order that the best re- 
sults may be obtained at reasonable installation cost, 
with economy in operation, and low maintenance and 
upkeep costs. 

One thing depends upon another, and local conditions 
determine what material should be used and how it 
should be installed. Designing engineers, installation 
men, operating and maintenance employes should all be 


lil 
ul 
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Practical 
Piping 
Problems 


considered in any installation of industrial 
equipment, particularly pipe lines. 

The principal complaints that the mainte- 
nance department usually receives regarding 
compressed air pipe lines refer to moisture 
and water in the lines, and to accumulations 
of rust, pipe scale and sediment. 

Water and moisture in exposed air piping 
will cause trouble in freezing weather. Air 
containing moisture may cause serious trouble 
at any time in the operation of paint spraying 
equipment, air operated tools, and sand blast- 
ing and cleaning equipment. 








Use of Separators 


Many devices are used for eliminating this moisture. 
Some plants provide separators on the main and branch 
lines, pockets and water legs at various places, and drain 
valves at the foot of riser pipes, though air pressure 
may be lost by frequent blowing out of the drain valves 
on large separators, pockets and risers. Good results 
are also obtained by placing suitable separators or 
moisture eliminators, of a smaller size, as near as is prac- 
tically possible to the individual tools, paint spray booths 
or other equipment where dry air is required. Separators 
at various locations mean maintenance work in the way 
of cleaning and keeping them in proper working order, 
but the extra amount of work required will be repaid 
in the efficiency obtained by the use of dry and clean air. 

Containers filled with charcoal are sometimes used to 
a good advantage. The moisture is absorbed by the 
charcoal and dry air passes from the container through 


the outlet pipe. 
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Air compressors equipped with after-coolers to cool 
the air as it leaves the compressor will assist in keeping 
moisture from entering the pipe lines. A suitable method 
of draining should be provided for removing the moisture 
from the after-cooler. 


Anti-sweat Insulation on Intake 


The air supply to the compressor is usually from the 
outside atmosphere and the intake pipe, when passing 








gey 














Fic. 1—Piprnc CONNECTIONS FOR AN AIR RECEIVER 


through a warm room to the compressor, is apt to sweat 
when cold air from the outside is being drawn in. Suit- 
able anti-sweat insulation should be applied to the in- 
take pipe in order that the dripping moisture will not 
be objectionable. 


Alcohol Clears Line 


A pipe line transmitting compressed air which is not 
free from moisture, and installed underground in con- 
tact with the earth, if not equipped with insulation or 
other protection, will collect moisture and water. If 
the line is located near the surface of the ground, trouble 
will be experienced in freezing weather. In case of stop- 
page in such a line by ice, a small amount of alcohol 
injected in the line will frequently clear it. 


Piping the Receiver 


The air discharge pipe from the compressor 
is usually connected to a tank or receiver, which 
acts as a storage reservoir to steady the air 
pressure in the supply lines when the demand 
is intermittent, causing the compressor to work 
steadily. 

This receiver can be used for separating 
some of the moisture from the air. It should 
be placed where it will remain cold or as cool 
as possible. Out-of-doors and on the north 
side of a building is usually a good location. 


Fic. 2—P1pinGc For AN Arr RECEIVER 
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Warm air has a tendency to rise and also to hold its 
moisture ; therefore, if the discharge pipe of the air com- 
pressor be connected near the top of the receiver the 
air leaving the receiver to supply the shop air piping 
will come from the lower part of the receiver, and 
will be the cooler air. The air in cooling has a tendency 
to drop some of its moisture. The receiver should have 
a suitable drain provided with a reliable trap to remove 
the moisture. The air outlet pipe for supplying the air 
to the shops from this receiver should be arranged so as 
not to interfere with the drain. Figs. 1 and 2 show dif- 
ferent ways of arranging the piping connections to air 
storage receivers. 
Trouble from Moisture in an Air Line 

On account of an emergency it was necessary to oper- 
ate a steam driven, reciprocating, duplex oil pump with 
compressed air, at a pressure of 80 lb. per sq. in. A 
small pipe connection was taken from a 6-in. air main 
located a short distance away in a concrete tunnel. This 
was in September, the outside temperature during the 
day was from 50 to 70 F and there was rain most of 
the time. 

The temperature of the tunnel was approximately 80 
F. The air compressor was located 1,500 ft. from the 
pump. The pump was arranged to exhaust through a 
short length of pipe to the atmosphere. After the pump 
had been in operation a short time the exhaust pipe was 
covered with frost, trouble was experienced by the pipe 
clogging several times with ice and frequently particles 
of ice were blown out with the exhaust air. 

Consider These Points 

The following points should be considered before in- 
stalling piping for compressed air : 

Provide for the removal of the moisture and a supply 
of clean air. This includes a clean supply from the 
atmosphere, by using filters, if necessary. The location 
of drains, selection and location of suitable strainers, 
moisture separators and traps for drainage should be 
studied carefully. 

Special attention should be given to the selection of 
traps, when used to drain the water and moisture from 
compressed air lines and receivers automatically. Some 
traps that work well on steam may not be suitable for 
use on compressed air equipment. Special attention 
should be given to the installation and venting of the 
trap so that it will not become air bound. 
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When screwed pipe joints are assembled a good grade 
of shellac applied to the threads before making up the 
joint will aid materially. 

Use a good grade of pipe. 

Install pipe lines that are large enough so as to get 
the maximum supply and pressure desired, with a slow 
air flow. There is no real objection to an air line being 
too large, excepting the initial cost. There are no con- 
densation losses to increase the cost of upkeep as there 
would be in a steam main that was too large. The extra 
volume of air required to fill the line when starting up 
will be repaid by the air moving slower, which will, 
to some extent, prevent its carrying moisture, lubricating 
oil and pipe scale. The volume of air in a large line acts 
to steady pressure when demand is irregular. 

Service connections from the branch lines should 
preferably be taken from the top of the pipe line, when 
this line is in a horizontal position, as this lessens the 
chances of dirt and scale getting into the service con- 
nections. If there is any entrained water in the line it 
will not be likely to flow into the service drops. Ar- 
rangements must be made to remove the water from 
the lines by suitable drains and traps at the low points. 





Development of Clavarino Formula 
By H. A. Wagner* 


HE diagrams given in “Curves Aid in Design of 
Thick-Walled Tubes and Cylinders,” by F. E. 
Wertheim,’ permit the ready solution of the some- 
what cumbersome formula of Clavarino for determining 
wall thickness of cylinders or tubes. The example given 
on the second page of the article could be interpreted as 
the application of the curves of Fig. 1 to the problem 
of determining the wall thickness of a hydraulic cylinder 
when the internal area or diameter of cylinder required 
to perform a certain function is known. Likewise, in 
determining the wall thickness of pipes, where the out- 
side diameter is arbitrarily set due to commercial prac- 
tice, the curves of Fig. 2 are applicable. 

It may be of interest to those who are accustomed to 
the use of the conventional form of Clavarino’s equation 
to follow the derivation of the form employed by Mr. 
Wertheim from the general equation, which is: 

@ (1—2) + D® (14+A) 
f=p —— (1) 
D—d 
where f= fiber stress at inner surface of wall, lb. per sq. in. 
f/=internal unit pressure, Ib. per sq. in. 
d = inside diameter of cylinder, in. 
D = outside diameter of cylinder, in. 
A = Poisson's ratio. 





If Poisson’s ratio is assumed as 0.3, the above formula 
reduces to the following, which is that generally en- 
countered : 

13D? +04 d@’ 


na Rect: (2) 





f=p 


If Poisson’s ratio is assumed as 1/3, the following 
equation results: 


4/3 D?+1/3 @ 
Peay (picinctnelin That le (3) 
p—a& 


* Engineer, The Detroit Edison Company, Detroit, Mich. 
'Heatinc, Piping ano Arr Conpitioninc, October, 1931, p. 850. 


This may be transformed by the following steps into 
the form used in Mr. Wertheim’s article: 
f D—f &=—4/3 D® p+1/3 d’p (4) 
I* (f —4/3p) =@ (f+ 1/3p) (5) 
D* f+1/3p 3f+p 
¢ f—4/3p 3f—4p es 


D (3f+p \% 
—=(—~") 7) 
d 3f —4p 


D=d+2t (8) 


(a2 )" 
d+2t=dt{——— (9) 
3f — 4p 
( ~~*\" 
a= eens —d 
3f — 4p 
d 3f+) sin 
Ey) 
2 3/ — 4p 
+P 


3/3 
t=rxC, where c= ( =) atl 
3f — 4p 


The formula involving the outside diameter may be 
obtained by replacing d by D — 2t in Equation (7) and 
completing the solution as above. 








Conventions and Expositions 


National Association of Practical Refrigerating En- 
gineers; Annual convention. and exposition, Nov. 10-13; 
Municipal Auditorium, Houston, Texas. Secretary, Ed- 
ward H. Fox, 435 N. Waller Ave., Chicago. 

International Acetylene Association; Annual conven- 
tion Nov. 11-13; Congress Hotel, Chicago. Secretary- 
Treasurer, A. Cressy Morrison, 30 E. 42nd st., New 
York City. 

Third International Conference on Bituminous Coal: 
November 16-21; Carnegie Institute of Technology, 
Pittsburgh, Pa. Chairman, Thomas S. Baker, President, 
Carnegie Institute of Technology. 

American Society of Mechanical Engineers: Annual 
meeting, Nov. 30-Dec. 4; New York City. Secretary, 
Calvin W. Rice, 33 W. 39th st., New York City. 

Welding Conference: Annual conference to be held 
by engineering extension department, Purdue Univer- 
sity, Lafayette, Ind., Dec. 10-11. In charge, Prof. W. A. 
Knapp, Purdue University, Lafayette, Ind. 

Society of Rheology: Annual meeting, Dec. 28-30; 
Rochester, New York. Chairman of Program Com- 
mittee, Eugene C. Bingham, Gayley Chemical Labora- 
tory, Lafayette College, Easton, Pa. 

American Society of Heating and Ventilating En- 
gineers: Annual meeting, Jan. 25-29; Cleveland, Ohio. 
(Joint meeting with A. S. R. E.) Secretary, A. V. 
Hutchinson, 51 Madisen ave., New York City. 

American Society of Refrigerating Engineers: Annual 
convention, Jan. 26-29 (Joint meeting with A. S. H. 
V. E.); Hotel Cleveland, Cleveland, Ohio. Secretary, 
David L. Fiske, 37 W. 39th St., New York City. 

International Heating and Ventilating Exposition: 
Jan. 25-29; Cleveland Auditorium, Cleveland, Ohio. 
Manager, Charles F. Roth, International Exposition Co., 
Grand Central Palace, New York City. 
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Trade 
Literature 


Boiler Feeders: Watts Regulator Co., Lawrence, 
Mass.; folder describing single valve and dual boiler 
water feeders, combined low water cut-off and pressure 
switch, etc., for oil, gas, and coal-fired boilers. En- 
gineering data included. 

Coatings: Wailes Dove-Hermiston Corporation, 17 
Battery Place, New York City; eight-page bulletin pre- 
senting information on bituminous protective coatings 
for industrial uses. The various classifications include 
sections on coal and ash bunkers, steel pipe lines for oil 
and gas, water supply lines, sewers and penstocks, steel 
standpipes and tanks, plant equipment, machinery and 
structures, marine structures, coating for production and 
shop coat use, and corrosion problems in general pro- 
duction. 

Cocks: The Haydenville Co., Haydenville, Mass. ; six- 
page folder describing lubricated air cocks in sizes from 
¥% in. to 3 in. Also describes and illustrates cast iron 
manifolds or distributors for pneumatic tool service. 

Couplings: Clark Coupling Company, 149 Church st., 
New York City; four-page folder giving data and list 
prices for couplings for general or heavy duty drives; 
medium duty, high speed, steady load use; and for 
marine service. 

Dampers: Veribest Fuel Saver Manufacturers, Inc., 
Third National Bldg., Dayton, Ohio; card giving direc- 
tions for using special damper, which is applicable to 
coal fired furnaces. 

Fans: B. F. Sturtevant Company, Hyde Park, Boston, 
Mass.; 20-page bulletin giving performance charts, in- 
structions for their use, diagrams of standard arrange- 
ments, sample specifications, etc., for centrifugal fans. 
A section describing the features of this company’s fan 
and a list of typical installations is included also, with 
which is published a diagram of an early type. 

Hot Water Heating Systems: Automatic Florzone 
Heating Co., Conshohocken, Pa.; four-page bulletin 
describing an automatically controlled orifice system of 
forced hot water heating by gas; water flow is propor- 
tioned to each radiator. Radiators are mounted along 
baseboard. Applications to a small factory, an apart- 
ment and a home are illustrated. 

Motors: General Electric Company, Schenectady, 
N. Y.; four-page data sheet discussing electrical and 
mechanical characteristics of 2- and 3-phase general 
purpose synchronous motors, 25 to 600 hp.; four-page 
data sheet describing features and applications for con- 
stant speed, single phase motors, % to 10 hp.; four- 
page data sheet on single phase, vertical motors, % to 
10 hp. 

Piping and Valves: Semet-Solvay Engineering Cor- 
poration, 40 Rector st., New York, N. Y.; 48-page 
thoroughly illustrated catalog devoted to welded piping, 
joints, flanges, gates, several types of valves, explosion 
heads, cooling coils, etc., for gas, air, water, steam, pul- 
verized substances, oils, chemicals, etc. Numerous tables 
giving dimensions are included. 

Power Factor Correction: Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa.; 4-page 
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data sheet on group-type capacitor equipments for power 
factor correction on 60-cycle circuits. Developed to 
meet a need for corrective equipment for loads smaller 
than synchronous condensers will handle economically, 
the equipment is described im detail. 

Pumps: Nash Engineering Co, South Norwalk. 
Conn.; 12-page bulletin describing the features of self 
priming, centrifugal pumps for sump service. Installa- 
tion and cross-section diagrams are printed in black on 
a platinum background, which combined with the “read- 
able” type, makes this publication particularly legible. 
Capacity table, installation dimensions, etc., are included. 
A similar sixteen-page bulletin gives the same informa- 
tion on suction sewage pumps designed for pumping 
waste, sewage; trash or any fluid containing large per- 
centages of solids. 

Refrigeration: Frick Company, Waynesboro, Pa.; 
eight-page bulletin describing split-stage low tempera- 
ture refrigeration and showing several installations of 
equipment. Lay-out of a typical plant for the quick 
freezing of fruit in packages is shown. 

Relays: Automatic Switch Co., 154 Grand st., New 
York City ; four-page data sheet listing prices and giving 
data for relays of 3, 5, and 15-ampere capacities. <A 
section on forms of control is included. 

Research: Frost Research Laboratory, Inc., 1326 
Markley st., Norristown, Pa.; four-page circular describ- 
ing recent developments in automatic and hot water 
heating and listing ideas ready for commercial develop- 
ment. 

Sheet Metal: Republic Steel Corporation, Youngs- 
town, Ohio; 64-page well illustrated booklet describing 
the manufacture, properties and applications of copper 
molybdenum iron sheet metal. Numerous uses in in- 
dustry are pictured. 

Short-center Drives: E. F. Houghton & Company, 
Philadelphia, Pa.; 148-page technical treatise on short 
center drives of mineral tanned leather belting, 5 to 100 
hp. Tables giving engineering data on 5,000 standard 
drives are included, in addition to general information 
and helpful charts. 

Tubes and Coils: Parker Appliance Co., 10320 Berea 
Road, Cleveland, Ohio; four-page looseleaf data sheet 
giving dimensions, prices, and illustrations of condensa- 
tion coils for sampling boiler water, and industrial uses 
where heat transfer is necessary. A 20-page bulletin 
is devoted to tube fabricating equipment ; a third bulletin 
gives prices, dimensions, etc., on pad tube couplings, 
bulkhead fittings, tube clips. Also a folder illustrating 
and describing underground water service fittings, tube 
and valves, showing a typical installation. 

Valves: Automatic Switch Co., 154 Grand st., New 
York City; 12-page catalog illustrating solenoid valves 
for automatic and remote control of air, gas, steam and 
liquids. List prices, dimensions, and a handy table of 
recommended types are included. 

Valves: Stanley G. Flagg & Co., Inc., Philadelphia, 
Pa.; eight-page folder giving price lists, dimensions, 
and showing features of bronze gate valves for 100 Ib. 
working steam pressure and bronze globe and angle 
valves and check valves for 125 Ib. and 150 Ib. W. S. P. 

Ventilation: Parks-Cramer Company, Boston, Mass. ; 
eight-page booklet discussing the providing of comfort- 
able conditions in textile mills. 











